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DISTURBANCE OF HUMAN S U E P  
BY SUBSONIC JET AIRCRAFT NOISE AND SIMULATED  SONIC BOOMS 
by  
Jerome S .  Lukas,   Mary E .  Dobbs, a n d   K a r l  D .  K r y t e r  
I INTRODUCTION 
While u n d e r  c o n t r a c t  t o  the N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  
A d m i n i s t r a t i o n ,  S t a n f o r d  Research I n s t i t u t e  d e v e l o p e d  a s i m u l a t o r  o f  t h e  
i n d o o r   v i b r a t o r y   a n d   a c o u s t i c a l   e f f e c t s  of s o n i c  b0oms.l Two p r e v i o u s  
e x p e r i m e n t a l   s t u d i e s   o f  the  e f f e c t s  o f  booms a n d   s u b s o n i c  j e t  a i r c r a f t  
n o i s e   o n   s l e e p   h a v e   b e e n   c o n d u c t e d  w i t h  the a i d  of th is  s i m u l a t o r .  I n  
t h e  first, '  a p i l o t  s t u d y ,  s i x  col lege s t u d e n t s  were s u b j e c t s ;  i n  the 
second, '  s i x  s u b j e c t s  r a n g i n g  i n  a g e  f r o m  7 t o  72  y e a r s  were t e s t e d .  
* 
T h e  r e s u l t s  of t h e  s e c o n d   s t u d y  were c o n s i d e r e d  t e n t a t i v e  b e c a u s e  
o n l y  two s u b j e c t s  were i n  e a c h  o f  the  t h r e e  age g r o u p s .   C o n s e q u e n t l y ,  
t h e  s t u d y  r e p o r t e d  h e r e i n  u s e d  f o u r  a d d i t i o n a l  s u b j e c t s  i n  e a c h  of t h e  
t h r e e  a g e  g r o u p s  i n  o r d e r  t o  explore f u r t h e r  t h e  e f f e c t s  o f  s o n i c  booms 
a n d  s u b s o n i c  a i r c r a f t  n o i s e  o n  s l e e p  i n  p e r s o n s  of d i f f e r e n t  a g e s .  
* 
R e f e r e n c e s  a re  l is ted a t  t h e  end  of t h e  r e p o r t .  
1 
I 1  OBJECTIVES 
The o b j e c t i v e s  of t h e  s t u d y  r e p o r t e d  h e r e i n  were to determine:  (1) 
the  effects,  o v e r  a per iod of about 20 n o n c o n s e c u t i v e   n i g h t s ,  of s o n i c  
booms  and subson ic  jet f l y o v e r   n o i s e   o n  human s l e e p ,  and (2) t h e  r e l a t i v e  
s e n s i t i v i t y  of i n d i v i d u a l s  b e t w e e n  and w i t h i n  d i f f e r e n t  a g e  g r o u p s  t o  
t h o s e  s t i m u l i .  
2 
I I I PROCEDURES 
A .  
were 
S u b j e c t s  
F o u r  v o l u n t e e r s  i n  e a c h  of three a g e   g r o u p s  were s u b j e c t s .   T h e y  
: young-- two  males ,  each f i v e   y e a r s   o f  age, and  t w o  f e m a l e s ,   s i x  
a n d   e i g h t   y e a r s   o f  age; midd le -aged- - fou r   ma les ,  45, 45, 53, and 57 
y e a r s   o f   a g e ;   a n d   o l d - - f o u r   m a l e s ,  69, 70, 74,  and 75 y e a r s   o f   a g e .  
A u d i o g r a m s   o b t a i n e d   b e f o r e  the  e x p e r i m e n t a l  tests i n d i c a t e d  t h a t  
10 o f   1 2   s u b j e c t s   h a d   h e a r i n g   t h r e s h o l d s   w i t h i n   n o r m a l   limit^.^,^ The 
two o l d e s t   s u b j e c t s ,   a g e s  74 a n d   7 5   y e a r s ,   a p p e a r e d  t o  h a v e  losses no 
g r e a t e r  t h a n  e x p e c t e d  a t  f r e q u e n c i e s  o f  2000 Hz and below, b u t  a t  and 
above   4000  Hz these men had losses t h a t  were a b o u t   4 5  dB more t h a n  t h e  
45-50 dB e x p e c t e d   f o r   m a l e s   o f   t h a t   a g e .  I t  s h o u l d   b e   n o t e d   t h a t   t h e  
l i t e r a t u r e 3 j 4  p r o v i d e s  l i t t l e  exact  h e a r i n g  loss d a t a  for s u b j e c t s  b e -  
y o n d   t h e   a g e   o f  60 or  s o  y e a r s ,  a n d  t h a t  t h e  d a t a  p r o v i d e d  a r e  q u i t e  
v a r i a b l e .   O u r   e s t i m a t e s  of t h e   e x p e c t e d  losses a r e - e x t r a p o l a t i o n s   a n d ,  
t h u s ,  i n c l u d e  some error  of   an   unknown  magni tude .  
T h e  s u b j e c t s  d i d  n o t  l i v e  n e a r  a i r p o r t s  or i n  t h e  f l i g h t  p a t h s  of 
l a r g e   n u m b e r s   o f   a i r c r a f t .   A l t h o u g h   t h e y   h a d   h e a r d   s o n i c  booms and  sub-  
s o n i c  j e t  a i r c r a f t  n o i s e ,  n o  p a r t i c u l a r  b i a s  e i t h e r  f o r  or a g a i n s t   s u p e r -  
or s u b s o n i c  j e t  a i r c r a f t   n o i s e   w a s   r e p o r t e d .   ( S e e ,  f o r  e x a m p l e ,   t h e  re- 
s p o n s e  t o  Q u e s t i o n  16 of Q u e s t i o n n a i r e  2 a s   d i s c u s s e d   o n   p a g e   4 7 . )  I n  ad-  
d i t i o n ,  t he  m i d d l e - a g e d   a n d   o l d   s u b j e c t s   t h o u g h t   t h e m s e l v e s  t o  be n o r m a l l y  
s o u n d   s l e e p e r s   a n d   n o t  t o  be e s p e c i a l l y  d i s t u r b e d  b y  n o i s e  d u r i n g  s l e e p .  
B .  T e s t   P r o c e d u r e  
On t h e  f i rs t  n i g h t  i n  the l a b o r a t o r y   t h e   s u b j e c t s  were t o l d   i n -  
f o r m a l l y   a b o u t  the  p u r p o s e s  of the e x p e r i m e n t ,  a.ud what was e x p e c t e d  of 
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them, a n d   a n y   q u e s t i o n s  were a n s w e r e d   f u l l y .   T h e   s u b j e c t s   t h e n   p u t   o n  
their  pa jamas   and  t h e  e l e c t r o d e s  were a t t a c h e d .  
S i n c e  the  m i d d l e - a g e d  a n d  o l d  s u b j e c t s  were t e s t e d  o n l y  two non- 
c o n s e c u t i v e  n i g h t s  p e r   w e e k ,   a n d   i n  l i g h t  of t h e  f i n d i n g s  of Kales, e t  
a l ?  t h a t  f o r  e l d e r l y  p e r s o n s  'I.. . s e v e r a l  n i g h t s  of a d j u s t m e n t  t o  t h e  
new s i t u a t i o n  . . . . ' I  a r e  r e q u i r e d ,  i t  w a s  t h o u g h t  t h a t  a t  l e a s t  s i x  n i g h t s  
f o r  accommodation t o  t h e  l a b o r a t o r y  s h o u l d  b e  p e r m i t t e d  e a c h  s u b j e c t .  
A l l  sub jec ts ,  i n c l u d i n g   t h e   c h i l d r e n ,   a t t a i n e d   t h i s   g o a l ,   a n d  most were 
accommodated f o r   s e v e n   n i g h t s ,   T h e   r e a s o n   f o r  the  s m a l l ,   a n d   p r e s u m a b l y  
i n s i g n i f i c a n t ,  d i f f e r e n c e s  i n  number   o f   accommoda t ion   n igh t s   was   t ha t  
two s u b j e c t s  were u n a b l e  t o  s h o w   u p   f o r   o n e   o f  the  a c c o m m o d a t i o n   s e s s i o n s .  
T h e   g r o u p s  of o l d e r  s u b j e c t s  p a r t i c i p a t e d  i n  a l l  20 s c h e d u l e d   e x -  
p e r i m e n t a l   n i g h t s ,   a s  wel l  a s  two i n t e r s p e r s e d   c o n t r o l   n i g h t s   a n d   o n e  
f i n a l   c o n t r o l   n i g h t ;   t h e   c h i l d r e n ,   b e c a u s e  of d i s s a t i s f a c t i o n  b y  t h e  
p a r e n t s  w i t h  t h e  e f f e c t s  o f  the  e x p e r i m e n t a l  s c h e d u l e  o n  t he i r  weekends,  
c o m p l e t e d   o n l y  10 o f  t h e  20 s c h e d u l e d   e x p e r i m e n t a l   n i g h t s   a n d   o n l y   o n e  
o f  t h r e e  c o n t r o l  n i g h t s .  
Two s u b j e c t s ,  e a c h  i n  a s i n g l e   b e d ,   o c c u p i e d   e a c h  of two rooms. 
E a c h  s u b j e c t  a l w a y s  s l e p t  i n  t h e  b e d  a s s i g n e d  t o  h i m  o n  t h e  f i r s t  n i g h t .  
E a c h  n i g h t  a f t e r  the  s u b j e c t s  were i n  bed  a n d  t h e  e l e c t r o n i c  s y s t e m s  
c h e c k e d  a n d  c a l i b r a t e d ,  t h e  s u b j e c t s  were a s k e d  t o  p u s h   t h e i r   ' ' a w a k e  
s w i t c h e s ' '  a s  i f  t o  c h e c k  t h a t  t h e  switches were o p e r a t i n g  p r o p e r l y .  
T h e s e   s w i t c h e s  were a f f i x e d  to  t h e   h e a d b o a r d s  of t h e   b e d s .   F i n a l l y ,   b e -  
f o r e  the l i g h t s  were e x t i n g u i s h e d  t h e  s u b j e c t s  were t o l d  t o  p u s h   t h e  
awake swi t ch  three times if they   awoke  f o r  a n y  r e a s o n  d u r i n g  t h e  n i g h t .  
T h e   s u b j e c t s  were g i v e n   n o  other  i n s t r u c t i o n s .   T h e y  were n e v e r   t o l d  
w h e t h e r   n o i s e ,   e i t h e r   s i m u l a t e d  booms or  f l y o v e r s ,   w o u l d   o c c u r .  
G e n e r a l l y  a b o u t  45 m i n u t e s  a f t e r  t he  s u b j e c t s  re t i red  and a f t e r  
b o t h  s u b j e c t s  i n  o n e  room were a s l e e p - - o n e   s u b j e c t s   w a s  i n  s l e e p  s t a g e  3 
4 
or 4 and the other i n  a n y  s t age  e x c e p t  s l e e p  s tage 1--the s t i m u l u s  se- 
q u e n c e  f o r  t h a t  room f o r  t h e  n i g h t  b e g a n .  A s i m u l a t e d   s o n i c  boom or  a 
s u b s o n i c  j e t  f l y o v e r   n o i s e - - a s   h e a r d   i n d o o r s - - w a s   p r e s e n t e d   a t   r a n d o m  
and a t  a n  i n t e n s i t y  r a n d o m l y  c h o s e n  from among the  f o u r  i n t e n s i t i e s  
p o s s i b l e ,  w i t h  the  r e s t r i c t i o n  t h a t  t h e  booms and j e t  n o i s e  be p r e s e n t e d  
e i g h t  times e a c h ,  twice a t   e a c h   i n t e n s i t y .   T h e   s t i m u l u s   p a r a m e t e r s   f o r  
t h e  boom a n d  f l y o v e r  n o i s e  a r e  p r e s e n t e d  i n  T a b l e  I .  
S t i m u l i  t o  a n y  room were p r e s e n t e d   o n  t h e  a v e r a g e  a b o u t  o n c e  e v e r y  
20 m i n u t e s  w i t h  a r a n g e  of s e v e n  t o  a b o u t  50 m i n u t e s .  V a r i a b i l i t y  i n  
time b e t w e e n  s t i m u l a t i o n s  w a s  n e c e s s a r y  i n  o r d e r  t o  p e r m i t  s u b j e c t s  
a w a k e n e d   b y   o n e   s t i m u l u s  to  r e t u r n  t o  s t a g e  2,  a t  l e a s t ,  b e f o r e  p r e s e n -  
t a t i o n   o f   t h e   n e x t   s t i m u l u s .  When  a s t i m u l u s   w a s   p r e s e n t e d   i n   o n e  room, 
t h a t   p e r i o d   s e r v e d  a s  a c o n t r o l  t r i a l  f o r  the  s u b j e c t s  i n  t he  o t h e r  room. 
S t i m u l u s   p r e s e n t a t i o n s   a l t e r n a t e d   b e t w e e n  t h e  t w o  rooms. Thus ,  i t  w i l l  
be s e e n  t h a t  f o r  a n y  g i v e n  p a i r  o f  s u b j e c t s  i n  a s i n g l e  room t h e  se- 
q u e n c e  o f  t r i a l s  w a s  a l t e r n a t e l y  e x p e r i m e n t a l  a n d  c o n t r o l  t r i a l s .  
U s i n g   s t a n d a r d   e l e c t r o d e   p l a c e m e n t s ,   a s   r e c o m m e n d e d   b y   R e c h t s c h a f f e n  
and  Kales, '  t h e  EEGs were m o n i t o r e d   c o n t i n u o u s l y   t h r o u g h o u t  a s e s s i o n  t o  
d e t e r m i n e   s t a g e   o f   s l e e p   a n d   t h e  e f fec ts  of  t h e  s t i m u l i   t h e r e o n .  Fo r  
e a c h   s u b j e c t   t h e s e   p l a c e m e n t s   i n c l u d e d :  
An e l e c t r o e n c e p h a l o g r a m   f r o m  a r i g h t  or  l e f t  ( C  or  C c e n -  
t r a l  e lectrode monopo la r  w i t h  r e s p e c t  t o  t h e  c o n t r a l a t e r a l  
m a s t o i d .  
3 4 
Two e y e  movement e l e c t r o d e s  p r o x i m a l  t o  t h e  o u t e r  c a n t h i  of 
each e y e  a n d  b o t h  m o n o p o l a r  w i t h  r e s p e c t  t o  a s i n g l e  e l e c t r o d e  
j u s t  a b o v e  t h e  n a s i o n .  
B i p o l a r  e l e c t r o d e s  o n  t he  lower c h i n ,   o n e  t o  two cm t o  t h e  
r i g h t  and l e f t  o f  the  m i d l i n e .  
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T a b l e  I 
PARAMETERS OF SIMULATED SONIC Booars 
AND SUBSONIC JET FLYOVER NOISE 
Peak* 
I n t e n s i t y  
S t i m u l u s  
S i m u l a t e d  
S o n i c  Boom 
5 . O  
2.5 
1.25 
I .65 
* 
Peak  
I n t e n s i t y   i n  : 
I PNdB+ EPNdB 9 
S u b s o n i c  
119 114 
Jet  F l y o v e r  113 10 8 
107 102 I 
I 10 1 96 
D u r a t i o n *  
~~. ( iF m s ) .  ." 
290 
264 
260 
260 
~ ~ " 
D u r a t i o n  t o  20 dB 
D o n n p o i n t s  ( i n  s e c o n d s )  i 
10 
10 
10 
10 
I 
Rise Time * 
. ( i n  m s )  . " 
12 
7 
6 
5 
.i_." ". 
Peak  
I n t e n s i t y  
i n  T e s t  R o c m  
** 
". .. 
86 
60 
74  
68 
* 
As i f  m e a s u r e d   o u t d o o r s .   S l i g h t   v a r i a t i o n s   b e t w e e n   t h e  two t e s t  
rooms e x i s t .  T h e   v a l u e s   p r e s e n t e d  i n  t h e   t a b l e   a r e   m e a n s  of s e v e r a l  
m e a s u r e s   o b t a i n e d  i n  e a c h  room. 
I 
' A s  i f   m e a s u r e d   o u t d o o r s .   L e v e l s   i n d o o r s  (in t e s t  room) about  25 
PNdB less .  
' E s t i m a t e d .  
** 
I n  dB re  0.0002 m i c r o b a r .  
C .  S t i m u l i  
T h e   p a r a m e t e r s  of t h e  booms  and f l y o v e r s  were i n d i c a t e d  in T a b l e  
I ,  and w i l l  be r e p e a t e d   l a t e r .  I t  i s  s u f P i c i e n t  t o  n o t e   h e r e   t h a t   t h e y  
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were s e l e c t e d  to  be r e p r e s e n t a t i v e  of those expected from the  s u p e r s o n i c  
t r a n s p o r t  ( i n  the  c a s e  of booms) a n d   s u b s o n i c  j e t  a i r c r a f t  now i n  com- 
m e r c i a l  use. Out-of-door  levels a r e  a p r a c t i c a l   m e a n s  of e x p r e s s i n g  t h e  
intensit ies of t h e s e  s t i m u l i ,  a n d  a r e  u s u a l l y  u s e d  i n  d e s c r i b i n g  s o n i c  
booms and f l y o v e r   n o i s e .   T h e   i n t e n s i t i e s  of these s t i m u l i  were, of 
course, less i n  t h e  test room, a s  i s  i n d i c a t e d  i n  T a b l e  I .  
T h e  s o n i c  boom s i m u l a t o r s  u s e d  f o r  t h e s e  tests g e n e r a t e   a n d   m o d u l a t e  
"booms" i n  such a way t h a t  t h e  n o i s e  a n d  v i b r a t i o n s  g e n e r a t e d  a r e  s i m i l a r  
t o  those f o u n d  i n  a t y p i c a l  home s t r u c k  b y  a c t u a l  s o n i c  booms. ( A  com- 
p l e t e   d e s c r i p t i o n   o f   t h e   s i m u l a t o r   c a n  be f o u n d   i n  R e f  1.) T h e   s u b s o n i c  
j e t  n o i s e   w a s  a s e l e c t e d  r e c o r d i n g  o b t a i n e d  i n  a bedroom of a t y p i c a l  
h o u s e  when a s u b s o n i c  j e t  a i r c r a f t  w a s   p a s s i n g   o v e r h e a d   a t   a n   a l t i t u d e  
o f   a b o u t  500 f e e t ;  i t  had  a d u r a t i , o n   b e t w e e n  20 dB d o w n p o i n t s   o f   a b o u t  
t e n  s e c o n d s  a n d  w a s  p l a y e d  b a c k  a t  v a r i o u s  i n t e n s i t i e s  d e p e n d i n g  u p o n  
the p a r t i c u l a r  e x p e r i m e n t a l  c o n d i t i o n s .  
D .  S c o r i n g  of the  E l e c t r o e n c e p h a l o g r a m s  (EEC) 
A f o u r - c a t e g o r y   t e c h n i q u e  f o r  s c o r i n g  t h e  r e s p o n s e s  o f  t h e  s u b j e c t s  
t o  t h e   s t i m u l i   w a s   u s e d .   T h e  f i r s t  t h r e e   c a t e g o r i e s   a r e  scores o b t a i n e d  
b y   e x a m i n a t i o n   o f  t h e  EEG by  t w o  o b s e r v e r s ,   a n d   t h e   f o u r t h   c a t e g o r y   w a s  
u s e d   o n l y   i f   t h e   s u b j e c t   p r e s s e d   h i s   a w a k e  s w i t c h .  C r i t e r i a  f o r  a s s i g n  
scores a r e  p r e s e n t e d  i n  T a b l e  1 1 .  
i ng 
. .. , . -. . . _. . 
T a b l e  I1 
EEG  SCORING CRITERIA 
~. "_ - . . . . . . -~ .. . 
SCORE  RESPONSE REQUIRED 
. . - . . . - 
"~~~ ~. ~ _-_ - 
0 No c h a n g e  i n  EEG. T h i s  c a t e g o r y  a l s o  i n c l u d e s  "X c o m p l e x e s , "  
b r i e f  b u r s t s  of A l p h a   ( a b o u t  10 Hz a c t i v i t y ) ,  s p i n d l e s ,  a n d  
eye  movements .  * 
. . .  
1 S l e e p  s t a g e  c h a n g e  o f  o n e  o r  t w o  s t e p s ,  b u t  w i t h o u t  a r o u s a l .  
T h e   c h a n g e   m u s t   o c c u r   w i t h i n  30 s e c o n d s  o f  s t i m u l a t i o n  a n d  
c o n t i n u e  for a n   a d d i t i o n a l  40 s e c o n d s ,  a t  l e a s t .  
I 
2 A r o u s a l  of a t  l e a s t  10 s e c o n d s   d u r a t i o n ,   b u t   w i t h o u t   u s e   o f  
t h e   a w a k e   s w i t c h .   T y p i c a l l y   s u c h  a r e c o r d   s h o w s   b r i e f   b u r s t s  
of Alpha ,  10 o r  more   s econds   o f   l ow-ampl i tude   Be ta  (20-40 Hz) 
a c t i v i t y ,  a n d  gross body  movements ,  
3 Awake r e s p o n s e ;  i n  w h i c h  t h e  s u b j e c t  a f t e r  a r o u s a l  w i l l  move 
a b o u t   a n d   u s e   t h e   " a w a k e * '   s w i t c h ,   U s u a l l y   t h e   r e s p o n s e   o c -  
c u r s  w i t h i n  o n e  m i n u t e  o f  s t i m u l u s  t e r m i n a t i o n .  
*,I  K complexes ,  I' Alpha ,   sp ind le s ,   and   eye   movemen t s   occu r   no rma l ly  i n  
t h e  EEG i n  some s l e e p   s t a g e s .   I f   s u c h   a c t i v i t y   w a s   s c o r e d   a s  a re- 
s p o n s e ,  t h e  s u b j e c t s  i n  t h o s e  s t a g e s  w o u l d  a p p e a r  t o  b e  o v e r l y  s e n -  
s i t i v e  t o  s t i m u l a t i o n  as compared t o  s t a g e s  i n  w h i c h  t h e  a c t i v i t y  
d o e s  n o t  n o r m a l l y   o c c u r   ( R e f .  2, p .  10).  
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I V  RESULTS 
A ,  C o m p a r a b i l i t y  of Age Groups  
On t h e  b a s i s  of t he  p r e v i o u s   s t u d y , 2  a sma l l   amoun t  of d a t a  i n  the 
l i t e r a t u r e ,  a n d   a n e c d o t a l   i n f o r m a t i o n ,  large d i f f e r e n c e s   i n   t h e   r e s p o n s e s  
of t h e  age g r o u p s  t o  t h e  s u b s o n i c  j e t  f l y o v e r  n o i s e  a n d  s i m u l a t e d  s o n i c  
booms were a n t i c i p a t e d .  I n  T a b l e  111 i t  c a n  be s e e n  t h a t  w i t h  i n c r e a s i n g  
age t h e  r e s p o n s i v e n e s s  t o  both n o i s e s  d u r i n g  s l e e p  i n c r e a s e d ,  as  is i n -  
d i c a t e d  b y  the d e c r e a s i n g  p e r c e n t a g e s  of 0 r e s p o n s e s  w i t h  i n c r e a s i n g  p e r -  
c e n t a g e s  of a w a k e   r e s p o n s e s ,  i .e.,  scores o f  3, a n d   i n c r e a s i n g   p e r c e n t a g e s  
o f   r e s p o n s e s   s c o r e d  1 and 2 .  
T a b l e  111 
RESPONSE  FREQUENCIES OF THREE  AGE  GROUPS 
TO  SIMULATED SONIC BOOMS AND SUBSONIC JET FLYOVER NOISE 
1
( y e a r s )  
Midd le -  
O ld  69 t o  75 
Frequency   (N)  
2 8 87 481 N 
3 2 1 0 A l l  Responses  
' a n d  P e r c e n t  of 
Response  
P e r c e n t  0 .3  1 . 4  15.1 8 3 . 2  
N 
19.6 5.3 19.9 55 .2  P e r c e n t  
204 55 2 0 8  575 
I N 1 371 I 190 I 79 1 200 1 
P e r c e n t   4 4 . 2  22.6 9 . 4   2 3 . 8  
I 
X = 265.99, 6 df (degrees o f   r e e d o m ) ,  p < . O O l .  2 
B .  C o m p a r a b i l i t y  of I n d i v i d u a l s  w i t h i n  Age G r o u p s  
1. C h i l d r e n  
I n  o n l y  o n e  o f  t h e  f o u r  c h i l d r e n  were the  s t i m u l i  of s u f f i c i e n t  
i n t e n s i t y  t o  e l i c i t  a n   a w a k e   r e s p o n s e ,   a s  is shown i n   T a b l e  I V .  S i n c e  
T a b l e  I V  
RESPONSE  FREQUENCIES OF FOUR  CHILDREN 
TO SIMULATED  SONIC BOOMS AND SUBSONIC JET FLYOVER NOISE 
S u b j e c t  
Y ( f e m a l e )  
1 
Y (ma le )  
2 
Y (ma le )  
3 
Y ( f e m a l e )  
4 
F r e q u e n c y  ( N )  R e s p o n s e  
Age ' a n d   P e r c e n t   o f  
( y e a r s )  
0 4 . 1  1'3.3 76.6 P e r c e n t  
0 6 2 8  111 N 8 
3 2 1 0 A l l  R e s p o n s e s  
5 
0 0 9 .o 91 .o P e r c e n t  
0 0 13 132  N 
5 
0 0 .7  11.8 87.5 P e r c e n t  
0 1 17 1 2 6  N 
6 
1 . 4  0 . 7   2 0 . 1  77 .8  P e r c e n t  
2 1 29   112  N 
2 
X = 22 .40 ,  9 d f ,  0 .01  > p > 0 . 0 0 5 .  
* 
* 
I n  c a s e s  w i t h  more t h a n  two d e g r e e s  of f r e e d o m ,   g o o d   a p p r o x i -  
m a t i o n s  o f  s i g n i f i c a n c e  l e v e l  a r e  o b t a i n e d  i f  f e w e r  t h a n  20 p e r -  
c e n t  o f  t h e  c e l l s  h a v e   e x p e c t e d   f r e q u e n c i e s   o f   a b o u t  1 ( R e f .  7 ; .  
I n  c a s e s  s u c h  a s  t h i s  w h e r e  t h e  r u l e  w a s  n o t  met, t h e   c o l u m n   i n -  
c l u d i n g  t he  zeros ( r e s p o n s e  3) w a s   e x c l u d e d   f r o m  the C h i - s q u a r e  
c a l c u l a t i o n .   T h e   C h i - s q u a r e   D i s t r i b u t i o n   T a b l e   w a s   t h e n   e n t e r e d  
w i t h  the d e g r e e s  o f  f r e e d o m  i n  e f f e c t  h a d  t h e  c o l u m n  n o t  b e e n  
e x c l u d e d .   I m p l i c i t l y  i t  i s  a s s u m e d   t h a t   h e   e x p e c t e d   p r o b a -  
b i l i t i e s  f o r  the ce l l s  of t h e   c o l u m n   i n   q u e s t i o n   a r e  zero.  S i n c e  
t h e  d e g r e e s  of f r e e d o m   a r e   i n c r e a s e d   t h r o u g h  t h i s  p r o c e d u r e ,   t h e  
c a l c u l a t e d  X m u s t   h a v e  a g r e a t e r   m a g n i t u d e  t o  be s i g n i f i c a n t .  
- 
2 
10 
these t w o  a w a k e  r e s p o n s e s  o c c u r r e d  i n  a s i n g l e  c h i l d  d u r i n g  s l e e p  s tage  
REM ( r a p i d   e y e   m o v e m e n t )  t o  f l y o v e r  n o i s e s  of lOlPNdB  and  113PNdB, i t   i s  
c o n c l u d e d  t h a t  t he  c h i l d r e n  r e s p o n d e d  s i m i l a r l y  t o  e a c h  other d e s p i t e  
t h e  o b t a i n e d  s t a t i s t i c a l  s i g n i f i c a n c e .  
2 .  Middle-Aged Men 
Two ( M  and M ) of the  four  m i d d l e - a g e d   s u b j e c t s  were awakened 
s i g n i f i c a n t l y  more f r e q u e n t l y  b y  t h e  s t i m u l i  t h a n  were s u b j e c t s  M and M 
I n   T a b l e  V i t  c a n  be s e e n   t h a t   s u b j e c t s  M and M s h o w e d   s i g n i f i c a n t l y  
3 4 
1 2 ’  
3 4 
T a b l e  V 
RESPONSE  FREQUENCIES  OF FOUR  MIDDLE-AGED  MEN  TO 
SIMULATED SONIC BOOMS AND SUBSONIC JET FLYOVER NOISE 
I 
S u b j e c t  
I M1 
M 
2 
i M~ 
M4 
Frequency   (N)   Response  
P e r c e n t  
P e r c e n t  69 .‘i 20 .8   6 .1   3 .4  
53 1 1 1 6 ’ 3 1   5 8  1 1 9 1  8 1 
45 111 57  87 
, P e r c e n t  42.2 .21 .7  3 .O 33.1  
P e r c e n t  64.0  22.0 11.0 3 .O 
. . -~ 
~ ~~~~~~ 
57 
39 .8  0 .e  15.1   42 .2  P e r c e n t  
100 2 36 111 N 
. . .. - . ~~ 
X = 209.18, 9 d f ,  P < 0.001. 2 
f e w e r  0 r e s p o n s e s   a n d   s i g n i f i c a n t l y  more 3, or a w a k e ,   r e s p o n s e s .   T h a t  
t h e  d i f f e r e n c e  i s  n o t  d u e  s o l e l y  t o  a g e  i s  i n d i c a t e d  b y  t h e  f a c t  t h a t  
M was o n e  of t h e  t w o  y o u n g e s t  ( 4 5  y e a r s   o f   a g e )   o f  t he  f o u r   m i d d l e -  
a g e d   s u b j e c t s ,   w h i l e  M was t h e   e l d e s t  ( 5 7  y e a r s )   o f   t h e   g r o u p .  
3 
4 
11 
Assuming t h e  t w o  p a i r s  of m i d d l e - a g e d  s u b j e c t s  t o  be showing  
some d i f f e r e n c e s  i n  s e n s i t i v i t y  t o  noise d u r i n g  s l e e p ,  t h e  r e s p o n s e s  of 
t h e  p a i r s  ( a r b i t r a r i l y  d i v i d e d  i n  p a i r s  t e r m e d  l o w  a n d  h i g h  s e n s i t i v i t y )  
t o  s i m u l a t e d  booms a n d   f l y o v e r s  were c o m p a r e d   s t a t i s t i c a l l y .   T h e   d a t a  
p e r t i n e n t  t o  t h i s  a n a l y s i s   a r e   p r e s e n t e d   i n   T a b l e s  V I  and V I I .  W i t h  
T a b l e  V I  
RESPONSE  FREQUENCIES OF FOUR MIDDLE-AGED MEN 
OF L O W  AND HIGH SENSITIVITY TO SIMULATED  SONIC BOOMS 
-~ . 
Response  
~-  
S e n s i t i v i t y  Age ( N )  and 
~ of S u b j e c t s   S u b j e c t   ( y e a r s )   P e r c e n t  - 0 1 1 2 1"- . 3
M1 
45  24 96 N 
P e r c e n t  73.8  1 8 . 5  1: 
Low - .  - -~ 
M 53 4 7 28 91 N 
2 
P e r c e n t  3.1  5.4 21.5 70.0 
M3 
M4 
45  53 25 N 
.t 
P e r c e n t  39.8 18.8 
H i g h '  
57 65  20 0 4 1  N 
P e r c e n t  51.6  15.9 0 32.5 
* 2  
X = 0.51, 3 d f ,  N.S. 
t 2  X = 6.68, 3 d f ,  N . S .  
r e s p e c t  t o  r e s p o n s e s  to  s i m u l a t e d  booms, i t  c a n  be s e e n  i n  T a b l e  V I  t h a t  
t h e  two subjec ts ,  M and M who a p p a r e n t l y  were o f  low s e n s i t i v i t y   d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  from e a c h  other  a n d ,   s i m i l a r l y ,   t h a t   t h e   h i g h l y  
s e n s i t i v e   s u b j e c t s ,  M and M d i d   n o t   d i f f e r   s . i g n i f i c a n t l y   f r o m   e a c h  
o ther .  
1 2' 
3 4' 
12 
T a b l e  V l I  
RESPONSE  FREQUENCIES OF FOUR MIDDLE-AGED MEN 
OF L D W  AND HIGH SENSITIVITY TO SUBSONIC JET AIRCRAFT NOISE 
E s t i m a t e d   R e s p o n s e  
S e n s i t i v i t y   a n d  - 
0 1 
3.7 7.5 65.7 23.1 
5 10 88 31 
3 2 
M 
1 
* 
Low . . . 
N 78 30 4 22 
P e r c e n t  58.2  22.4 3 .O 16.4 
~~~ "" .. . - "" " . .. 
M3 
M4 
45 N 58  32 38 4 
P e r c e n t  43.9 24.2 28.b  3 .O 
High 
+ 
. .. ~ ." 
57 N 46  18 59 2 
P e r c e n t  36.8 14.4 47.2 1.6 
* 2  
~~~ ~ -~ . . . . . . -. 
X = 5.23, 3 d f ,  N . S .  
'X2 = 1 0 . 3 4 ,  3 d f ,  0.02 7 p > 0.01. 
T h e   d a t a   i n   T a b l e  V I 1  s h o w   t h a t   t h e   s u b j e c t s  M and M were less 
1 2 
s e n s i t i v e   t h a n  M and M a s  w a s   t h e   c a s e   w i t h   s o n i c  booms, I t  i s  a l s o  
s e e n   i n   T a b l e  V I 1  t h a t   w h i l e  M and M were n o t   s t a t i s t i c a l l y   d i f f e r e n t  
w i t h  r e s p e c t  t o  t h e i r  r e s p o n s e s  t o  s u b s o n i c  je t  a i r c r a f t  f l y o v e r  n o i s e ,  
t h e   s u b j e c t s  M and M j u d g e d   h i g h l y   s e n s i t i v e ,  were d i f f e r e n t   f r o m   e a c h  
o t h e r  i n  t h i s  r e g a r d .   I n s p e c t i o n  of t h e   C h i - s q u a r e s   o f   t h e   i n d i v i d u a l  
c e l l s  ( t h e  c e l l  C h i - s q u a r e s  a r e  summed t o  o b t a i n  t h e  C h i - s q u a r e  f o r  the  
t a b l e )   r e v e a l e d   t h a t   t h e   d i f f e r e n t   f r e q u e n c i e s   o f   a w a k e   r e s p o n s e s ,  scores 
of 3, b y  M3 and M c o n t r i b u t e d  s l i g h t l y  more t h a n   h a l f   t h e   v a l u e   o f   t h e  
C h i - s q u a r e   f o r  the  t a b l e .  I t  i s  s u g g e s t e d ,   t h e r e f o r e ,   t h a t   d e s p i t e  the 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  w i th  r e s p e c t  t o  je t  n o i s e  o n l y  the 
r e s p o n s e s  of s u b j e c t s  M and M a r e   s u f f i c i e n t l y  s imi la r  i n  other  r e s p e c t s  
3 4'  
1 2 
3 4'  
4 
3  4 
13 
t o  p e r m i t  t h e i r  c o n t i n u e d  c l a s s i f i c a t i o n  a s  h i g h l y  s e n s i t i v e  a n d  to  p e r -  
m i t  p o o l i n g  t h e  r e s p o n s e s  of t h e s e  t w o  s u b j e c t s .  
3. Old  Men 
As w a s  o b s e r v e d  i n  t h e  c a s e  of t h e   m i d d l e - a g e d  men, s t a t i s t i -  
c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  four o l d  men, w i t h  r e s p e c t  t o  
t h e i r  r e s p o n s e s  t o  s i m u l a t e d  booms  and   subsonic  je t  f l y o v e r   n o i s e ,  were 
f o u n d ;  t h e s e  d a t a  a r e  p r e s e n t e d  i n  T a b l e  V I I I .  
T a b l e  V I 1 1  
RESPONSE FREQUENCIES OF  OUR OLD MEN 
TO  SIMULATED SONIC BOOMS AND SUBSONIC JET FLYOVER NOISE 
h 
S u b j e c t  ( 
O 1  
O2 
O3 
0 
4 
Age 
y e a r s )  
70 
69 
75 
74 
F r e q u e n c y  
2. . .  1" ~ 0 P e r c e n t  
(N)  and 
Response  
N 109  34 1 6  
P e r c e n t  7.7 16.3  52.2 
N 20 40 76 
P e r c e n t  9 .E 19.1 36.4 
~ ~ " _ _ _ " .  
N 24 46  96 
P e r c e n t  1 1 . 4  21.8 45.5 
N 1 9  70 90 
P e r c e n t  9 .o 33.2 42.7 
~ 3 -  
50 
23.8 
73 
34.9 
" 
45 
21.3 
32 
15.1 
1 
X = 41.00, 9 d f ,  p < 0.001. 
2 
A l t h o u g h  t h e  r e s p o n s e  f r e q u e n c i e s  p e r m i t  d i v i d i n g  t h e  s u b j e c t s  
i n t o  l o w  a n d  h i g h  s e n s i t i v i t y  c a t e g o r i e s ,  t h e  d i v i s i o n  w a s  n o t  a s  o b -  
v i o u s   a s  i t  w a s   w i t h   t h e   m i d d l e - a g e d   m e n .   I n s p e c t i o n   o f  a p l o t  of t h e  
c u m u l a t i v e   p e r c e n t a g e s   o f   t h e   r e s p o n s e s   o f   e a c h   s u b j e c t   t o   s i m u l a t e d  
booms a n d   s u b s o n i c  j e t  f l y o v e r   n o i s e ,   a s  shown i n  F i g u r e  1, i n d i c a t e d  
14 
la0 
90 
0 1 2 
RESPONSE 
FIGURE 1 RELATIVE  SENSITIVITY  OF  FOUR  OLD SUBJECTS TO  SIMULATED 
SONIC  BOOMS AND SUBSONIC JET AIRCRAFT NOISE 
15 
t h a t   s u b j e c t  0 w a s   t h e  most s e n s i t i v e  
p l o t s  ( n o t  i n c l u d e d  i n  t h i s  r e p o r t )  of 
overs a l o n e  were d r a w n ,   s u b j e c t  0 was 
s i t i v e ,  i .e.  , h e  o b t a i n e d  t h e  s m a l l e s t  
h i g h e s t   p e r c e n t a g e  of 3 r e s p o n s e s ,   a n d  
2 
2 
of t h e   f o u r   o l d  men. When s i m i l a r  
t h e  r e s p o n s e s  t o  booms a n d  f l y -  
a g a i n  f o u n d  t o  be t h e  most s e n -  
p e r c e n t a g e  of 0 r e s p o n s e s  a n d  t h e  
h i s  r e s p o n s e  c u r v e  d i d  n o t  o v e r l a p  
a t  a n y  p o i n t  w i t h  t h e  c u r v e s  of t h e  o t h e r  t h r e e  s u b j e c t s .  
S u b j e c t  0 c o u l d  be p l a c e d   i n t o  a c a t e g o r y   l a b e l l e d   " l e a s t  
4 
s e n s i t i v e "  b e c a u s e ,  e v e n  t h o u g h  h i s  p e r c e n t a g e  of 0 r e s p o n s e s  (42.7 p e r -  
c e n t )  was less t h a n   t h a t   o b t a i n e d   b y  0 and 0 h e  was  awakened much 
less f r e q u e n t l y  t h a n  were t h e  o t h e r  o l d  s u b j e c t s  (see T a b l e  V I 1 1  and 
F i g u r e  1) .  H o w e v e r ,   t h e   r e l a t i v e l y   l a r g e   c o n t r i b u t i o n  of t h e   s u b j e c t  
0 -Response 1 c e l l  C h i - s q u a r e   ( a b o u t  25 p e r c e n t )  t o  t h e  t o t a l  C h i - s q u a r e  
of T a b l e  VIII, a s   compared  t o  a b o u t  a 15 p e r c e n t  c o n t r i b u t i o n  b y  t h e  
s u b j e c t  0 -Response 3 c e l l  C h i - s q u a r e ,   s u g g e s t s   t h a t   s u b j e c t  0 d i f f e r s  
4 4 
f r o m   s u b j e c t s  0 and 0 more w i t h   r e s p e c t  t o  p r o n e n e s s  t o  s h i f t  s t e p s  i n  
s l e e p  s t a g e  ( r e s p o n s e  1) t h a n  w i t h  r e s p e c t  t o  p r o n e n e s s  t o  awakening 
( r e s p o n s e  3) . 
1 3' 
4 
1 3 
C .  C o m p a r a b i l i t y   o f   t h e   H i g h   a n d  Low S e n s i t i v i t y   S u b g r o u p s   b e t w e e n  Age 
Groups  
I f  t h e  r e s p o n s e s  of s u b j e c t s  i n  t h e   m i d d l e - a g e d   a n d   o l d   g r o u p s   c a t e -  
g o r i z e d  a s  b e i n g  o f  low or h i g h  s e n s i t i v i t y  a r e  p o o l e d ,  t h e  m i d d l e - a g e d  
and old s u b j e c t s  of l o w  s e n s i t i v i t y  c a n  be c o m p a r e d ,   a s   c a n   b e   t h e   s u b -  
g r o u p s  of h i g h e r   s e n s i t i v i t y .   T h e s e   c o m p a r i s o n s   a r e  shown i n  T a b l e  I X .  
I t  w i l l  be n o t e d  t h a t  t h e  o l d  s u b j e c t ,  02, w a s  o n l y  s l i g h t l y  more 
s e n s i t i v e  t o  b o t h  n o i s e s  t h a n  were t h e  h i g h l y  s e n s i t i v e  m i d d l e - a g e d  s u b -  
j e c t s .  A l t h o u g h   t h e   r e l a t i v e   n u m b e r  of 0 r e s p o n s e s   o b t a i n e d   b y  the h i g h l y  
s e n s i t i v e  o l d  subjec t  was less t h a n  t h a t  o b t a i n e d  b y  t h e  h i g h l y  s e n s i t i v e  
m i d d l e - a g e d   s u b j e c t s  (M and M4), t h e r e  was n o  c o r r e s p o n d i n g   i n c r e a s e  
3 
16 
T a b l e  I X  
RESPONSE  FREQUENCIES OF MIDDLE-AGED ANJl OLD MEN OF L O W  
AND HIGH SENSITIVITY TO SIMULATED  SONIC BOOMS 
AND SUBSONIC JET AIRCRAFT  NOISE 
I
S e n s i t i v i t y  
C a t e g o r y  
L High 
" " 
Number  Response 
Age (N) and 
S u b j e c t  ( y e a r s )  P e r c e n t  0 1 2 3 
M1 and 45, N 353 113 45 17 
~ ~ ~~~ 
M2 53 P e r c e n t  66.9  21.4  8 53 2
"" 
01, 03 70, 75 N 295 150 59 127 
and O4 74 P e r c e n t  46.8 23.8 9.4 20.0 
* 2  
X = 79.45,  3 d f ,  p < 0.001. 
t 2  X = 22.62,  3 d f ,  p < 0.001. 
i n  t he  p e r c e n t a g e   o f  3 r e s p o n s e s   b y   s u b j e c t  0 I f   a n y t h i n g ,   i n s p e c t i o n  
o f  t h e  C h i - s q u a r e s  o f  e a c h  c e l l  s u g g e s t s  t h a t  t h e  m a j o r  d i f f e r e n c e  be- 
tween the h i g h l y   s e n s i t i v e   m i d d l e - a g e d   a n d   o l d   s u b j e c t s   w a s  the r e l a t i v e l y  
l a r g e   n u m b e r   o f  2 r e s p o n s e s   o b t a i n e d   b y  0 I n   c o n t r a s t ,   t h e   o l d   a n d  
m i d d l e - a g e d  s u b j e c t s  of l o w  s e n s i t i v i t y  were d i s t i n g u i s h a b l e  o n  the b a s i s  
of t h e   r e l a t i v e   n u m b e r  of 0 and 3 r e s p o n s e s :  t h e  o l d e r   s u b j e c t s  of l o w  
s e n s i t i v i t y  o b t a i n e d  fewer 0 r e s p o n s e s  a n d  were awakened more f r e q u e n t l y  
( r e s p o n s e  3) , 
2' 
2' 
I 
T h e  a n a l y s e s  a b o v e  i n d i c a t e  t h a t ,  a l t h o u g h  the  c h i l d r e n  c a n  be 
t r e a t e d  a s  a s i n g l e  g r o u p ,  t he  m i d d l e - a g e d   a n d   o l d   s u b j e c t s  may be d i -  
v i d e d  i n t o  c a t e g o r i e s  of low a n d  h i g h  s e n s i t i v i t y  f o r  a n y   s u b s e q u e n t  
a n a l y s e s .  
17 
D .  Response  of S u b j e c t s   d u r i n g   C o n t r o l   T r i a l s  
T h e  g r o u p s  u n i f o r m l y  d e m o n s t r a t e d  v e r y  f e w  c h a n g e s  i n  s l e e p  s tage  
or  a w a k e n i n g s   d u r i n g  t h e  c o n t r o l  t r i a l s .  As c a n  be s e e n  i n  T a b l e  X,  
T a b l e  X 
RESPONSE  FREQUENCIES  OF  THREE  AGE  GROUPS 
DURING CONTROL TRIALS 
1 I Number I Response  1 
C o n t r o l  (N)  and 
Group 1 0 P e r c e n t   S t i m u l u s  
Booms 3 279 N 
P e r c e n t  1.1 98.9 
Young 
F l y o v e r  
1.1 98.9 P e r c e n t  Noise 
3 281 N 
I I I I 
I I I I I Booms I N I 515 I 3 
Midd l e  - 
Aged 
P e r c e n t  0.6 98.7 
F l y o v e r  2 5 2 3  N 
Noise 0 . 4  98.7 P e r c e n t  
Booms 1 420 N 
P e r c e n t  0 . 2  99 .5  
Old  
F l y o v e r  
0 . 9  9 8 . 9  P e r c e n t  Noise 
3 344 N 
- 
2 
0 
0 
- 
-
3 - 
0 
0 
1 
0 . 2  
2 
0 . 4  
0 
1 
0 . 3  
a b o u t  99 p e r c e n t  of a l l  c o n t r o l  t r i a l s  r e s u l t e d  i n  n o  c h a n g e  ( r e s p o n s e  
0) i n   t h e   b e h a v i o r   o f   t h e   s u b j e c t s .   T h e   m i d d l e - a g e d   g r o u p   s h o w e d  some 
s l i g h t  t e n d e n c y  to c h a n g e  s l e e p  s t a g e  ( 1  and 2 r e s p o n s e s )   a n d  t o  awaken 
more f r e q u e n t l y   t h a n   d i d   t h e   c h i l d r e n  o r  o ld   men .  Among t h e   m i d d l e - a g e d  
men, o n l y   o n e   s u b j e c t ,  who h a d   b e e n   c l a s s i f i e d  ( see  a b o v e )   a s   b e i n g   o f  
low s e n s i t i v i t y  t o  n o i s e ,   a c c o u n t e d  for a l l   o f   t h e   a w a k e   r e s p o n s e s  
(scores  o f  3 ) .  I t  i s  c l e a r ,   n e v e r t h e l e s s ,   t h a t   n o r m a l ,   s p o n t a n e o u s  
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changes i n  behavior p r o b a b l y  c o n t r i b u t e d  l i t t l e  t o  the r e s p o n s e s  t o  the 
s i m u l a t e d  sonic booms and  j e t  f l y o v e r  n o i s e s  r e p o r t e d  h e r e i n .  
E. Response  t o  S i m u l a t e d   S o n i c  Booms 
From t h e  d a t a  p r e s e n t e d  i n  T a b l e  X I  i t  i s  c l e a r  t h a t  (1) t h e  three 
a g e  g r o u p s  r e s p o n d e d  d i f f e r e n t l y  t o  the s i m u l a t e d  sonic booms, and (2) 
T a b l e  X I  
RESPONSE  FREQUENCIES OF THREE  AGE  GROUPS 
TO  SIMULATED SONIC BOOMS 
Age 1 R e l a t i v e  
G r o u p   S e n s i t i v i t y  
Young 
Aged 
High 
High 
- ~" - - ~~ . ~ "_ - 
F r e q u e n c y  I Response  I 
P e r c e n t   4 5 . 6   1 7 . 4  1 .5  35.5 
-~ ~ ~~ 
N 156 78 2 9  57 
P e r c e n t  4 8 . 8  2 4 . 4  9 . 1  17 .7  
N 40 22  5 37 
P e r c e n t  38.5 2 1 . 2  4 . 8  35.5 
" ~ 
* 2  
X = 91 .44 ,  3 d f ,  p < 0.001. 
'X2 = 15.09, 3 d f ,  p < 0.001. 
t h a t  t h e  s u b j e c t s  p r e v i o u s l y  c l a s s i f i e d  a s  b e i n g  o f  r e l a t i v e l y  low and 
h i g h   s e n s i t i v i t y   r e s p o n d e d   q u i t e   d i f f e r e n t l y  t o  t h e  booms. I n   g e n e r a l ,  
w i t h  i n c r e a s i n g  a g e  t h e  p e r c e n t a g e  o f  0 r e s p o n s e s  d e c r e a s e d  a n d  t h e  
p e r c e n t a g e  of a w a k e   r e s p o n s e s  (scores o f  3) i n c r e a s e d .  I t  a l s o   a p p e a r s  
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t h a t  w i t h  i n c r e a s i n g  a g e  c h a n g e s  i n  t h e  EEG ( s c o r e s  of 1 )   a n d   a r o u s a l  
( s c o r e s  of 2) a s  a r e s u l t  o f  e x t e r n a l  s t i m u l i  a r e  l i k e l y ,  o l d  s u b j e c t s  
a r e  more l i k e l y  t h a n  t h e  m i d d l e - a g e d  a n d  y o u n g  s u b j e c t s  t o  s h o w  b r i e f  
a r o u s a l s  t o  s t i m u l i  d u r i n g  s l e e p .  
1. C h i l d r e n  
The c h i l d r e n  were f o u n d  t o  b e  u n i f o r m l y  u n r e s p o n s i v e  t o  s i m u -  
l a t e d  s o n i c  booms, a s  i s  i n d i c a t e d   b y   t h e   a b s e n c e   o f   a n y   a w a k e   r e s p o n s e s  
( s c o r e s  of 3 ) .  However, i t  w i l l  be  seen i n  T a b l e  X I 1  t h a t   a s   t h e  
T a b l e  X I 1  
RESPONSE  FREQUENCIES OF CHILDREN TO SIMULATED 
SONIC BOOMS OF DIFFERENT INTENSITIES 
Boom ' Response  F r e q u e n c y  
I n t e n s i t y  ( N )  and 
i n  p s f  
5 . 9   9 4 . 1  P e r c e n t  
4 0 0  64 N 0 . 6 5  
2 3  1 0 P e r c e n t  
~ _ _ _ _ _ " ~ .  ~ 
1 . 2 5  7 3 0  6 9  N 
P e r c e n t  3 .8  8 . 9   8 7 . 3  
2.5 
2 3 . 2   7 6 . 8  P e r c e n t  0 1  
0 16  53 N 
5 .o N 0 0 18 60 P e r c e n t  23  .i 7 6 . 9  
~. 
R e s p o n s e s  1 and 2 combined ,   and   response  3 2 
e x c l u d e d ,  X = 11.19 ,  6 d f ,   N . S .   ( p  > 0 . 0 5 )  . 
i n t e n s i t y  of t h e  boom i n c r e a s e d  t h e r e  o c c u r r e d  a s i m u l t a n e o u s  d e c r e a s e  
i n  t h e  p e r c e n t a g e  of 0 s c o r e s  w i t h  a n  i n c r e a s e  i n  t h e  r e l a t i v e  number of 
s l e e p  s t a g e  c h a n g e s  ( s c o r e s  o f  1 ) .  
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T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h o s e  o b t a i n e d  p r e v i o u s l y . 2  
I n  t h a t  s t u d y  o n l y  t h r e e  i n t e n s i t i e s  of booms (0.63, 1.25,   and 2.5 p s f )  
were t e s t e d ,  a n d  t h e r e  a p p e a r e d  t o  be n o  s t a t i s t i c a l l y  s i g n i f i c a n t  c h a n g e  
i n  r e s p o n s e   r a t e s   a t   t h e   d i f f e r e n t   i n t e n s i t i e s .  However, t h e   t r e n d  
of t h o s e  d a t a ,  i . e . ,  a d e c r e a s e  i n  the   number  of 0 scores w i t h  i n c r e a s e s  
IC boom i n t e n s i t y ,  i s  s i m i l a r  to  t h a t  shown h e r e .  
The effects of s i m u l a t e d  s o n i c  booms o n  c h i l d r e n  d o  n o t  a p p e a r  
t o  d e p e n d   u p o n   t h e   s t a g e  of s l e e p  d u r i n g  w h i c h  t h e  boom o c c u r s ,  As c a n  
b e  seen i n  T a b l e  XIII, booms o c c u r i n g  d u r i n g  s l e e p  s t a g e s  2 ,  D e l t a  ( s l e e p  
T a b l e  X I 1 1  
RESPONSE FREQUENCIES OF CHILDREN TO SIMULATED 
SONIC BOOMS DURING DIFFERENT SLEEP STAGES 
F r e q u e n c y  Response  
S t a g e  
1 0  1 9  112 N 
1 2 3  0 P e r c e n t  
2 
P e r c e n t  0 . 8  1 4 . 4  8 4 . 8  
N 1 0  2 1  74 
R e s p o n s e s  1 and 2 combined,  X = 4.698,  
4 d f ,   N . S .  
2 
s t a g e s  3 and 4 combined) ,   and  REM ( R a p i d   E y e   M o v e m e n t )   d i d   n o t   r e s u l t   i n  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  f r e q u e n c y  of r e s p o n s e s  t o  
t h o s e  booms. 
2 1  
2 .  Middle-Aged Men 
The effect of s imula t ed  sonic booms on the middle-aged men was 
found t o  depend, i n  p a r t ,  a t  l e a s t ,  upon t h e  g e n e r a l  s e n s i t i v i t y  of t h e  
subjects t o  noises d u r i n g  s l e e p .  As can  be  seen i n  Tab le  X I V ,  t h e  s u b j e c t s  
Tab le  X I V  
RESPONSE  FREQUENCIES OF MIDDLE-AGED  MEN 
OF HIGH AND I O W  SENSITIVITY TO SIMULATED  SONIC BOOMS 
OF  DIFFERENT INTENSITIES 
'X2 = 43.09, 9 d f ,  p <O .001. 
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of l o w  s e n s i t i v i t y  r e s p o n d e d  s i m i l a r l y  to  booms of t h e  two lower i n -  
t e n s i t i e s  ( 0 . 6 5  and 1.25 p s f ) ,  b u t  a s  t h e  i n t e n s i t y  w a s  i n c r e a s e d  t o  
2.5 p s f  a n d  t h e n  t o  5.0 p s f  t h e  r e l a t i v e  f r e q u e n c y  of 0 r e s p o n s e s  d e -  
c r e a s e d  w i t h  s u b s t a n t i a l  i n c r e a s e s  i n  t h e  p e r c e n t a g e  of l and 2 r e s p o n s e s .  
( I t  i s  p o s s i b l e  t h a t  t h e  i n c r e a s e  of 1.1 p e r c e n t - - f r o m  4.0  t o  5 .1  p e r c e n t  
- - in  t h e  r e l a t i v e  number of 3 r e s p o n s e s  may be s t a t i s t i c a l l y  and   behav-  
i o r a l l y  s i g n i f i c a n t ,  bu t  a n a l y s i s  of t h e  ce l l  C h i - s q u a r e s  s u g g e s t s  t h a t  
t h e  i n c r e a s e  of a b o u t  16 p e r c e n t - - f r o m  25.0 t o  4 1 . 4  p e r c e n t - - i n  t h e  
number  of 1 r e s p o n s e s  w a s  t h e  l a r g e s t  c o n t r i b u t o r  t o  t h e  C h i - s q u a r e  of 
t h e   t a b l e  .) 
I n  c o n t r a s t ,  t h e  h i g h l y  s e n s i t i v e  m i d d l e - a g e d  men o b t a i n e d  more 
r e s p o n s e s  of 1 and 3, and fewer 0 r e s p o n s e s ,  t o  booms of e v e n   t h e  lowest 
i n t e n s i t y  (0 .65  p s f )   t h a n   d i d   s u b j e c t s  of l o w  s e n s i t i v i t y .   I n   a d d i t i o n ,  
a s  t h e  i n t e n s i t y  of t h e  b o o m s   w a s   i n c r e a s e d ,   t h e   h i g h l y   s e n s i t i v e   s u b -  
j ec t s  were awakened more f r e q u e n t l y  a n d  t h e  p e r c e n t a g e  o f  0 r e s p o n s e s  
d e c r e a s e d .  I t  w i l l  be s e e n ,   i n   T a b l e  X I V ,  t h a t  f o r  t h e   m i d d l e - a g e d   s u b -  
j ec t s  of b o t h  l o w  a n d  h i g h  s e n s i t i v i t y  t h e s e  c h a n g e s  i n  r e s p o n s e  fre- 
q u e n c i e s  w i t h  i n c r e a s e s  i n  boom i n t e n s i t y  were s t a t i s t i c a l l y  s i g n i f i c a n t .  
On t h e  b a s i s  of o u r  p r e v i o u s  ~ t u d i e s l ? ~  a n d  o t h e r  i n v e s t i g a t i o n s  
(see, f o r   e x a m p l e ,   R e f s .  8, 9, and  10) i t  i s  t o   b e   a n t i c i p a t e d   t h a t  t h e  
r e s p o n s e  to  b o o m s   d e p e n d s   u p o n   t h e   s t a g e   o f   s l e e p   d u r i n g   w h i c h   t h e   n o i s e  
o c c u r s ,  As w i l l  b e   s e e n   i n   T a b l e  XV, t h e   m i d d l e - a g e d   s u b j e c t s  of b o t h  
l o w  a n d  h i g h  s e n s i t i v i t y  were awakened  about  twice a s  f r e q u e n t l y  d u r i n g  
s l e e p  s t a g e s  2 and REM a s   t h e y  were d u r i n g  s l e e p  s t a g e  D e l t a .  However, 
a l t h o u g h  t h e  s u b j e c t s  were a w a k e n e d  l e a s t  f r e q u e n t l y  d u r i n g  s l e e p  s t a g e  
D e l t a ,  i n  t h i s  s l e e p  s t a g e  t h e  s u b j e c t s ,  r e g a r d l e s s  of s e n s i t i v i t y ,  were 
most l i k e l y  t o  r e s p o n d  t o  t h e  booms  by s h i f t i n g  i n t o  s l e e p  s t a g e  2 .  
Note a l s o ,  i n  T a b l e  XV, t h a t  t h e  r e s p o n s e s  o f  t h e  h i g h l y  s e n -  
s i t i v e  s u b j e c t s  d u r i n g  t h e  three s l e e p  s t a g e s  were f o u n d  t o  be d i f f e r e n t  
s t a t i s t i c a l l y ,  w h i l e  s u c h  w a s  n o t  the c a s e  w i t h  t h e  s u b j e c t s  o f  l o w  
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Table  XV 
RESPONSE  FREQUENCIES  OF  MIDDLE-AGED  SUBJECTS 
OF RELATIVELY I B W  AND HIGH SENSITIVITY TU 
SIMULATED  SONIC BOOMS DURING DIFFERENT  SLEEP  STAGES 
i e l a t i v e  
S e n s i t i v i t y  
LOW 
* 
t 
High 
. ~- ~" " . ___. 
Frequency  Respons  
S l e e p  (N)  and 
S t a g e s  P e r c e n t  ~ . 3 
N 6 8 23 105 
Percent  4 .2  5 . 6  16.2  73.9 
~~~ 
D e l t a  1 I 45 1 2o 1 1 N 
Percent   66.2  29.4  2 .9 1 .5  
I I I I I 
I I I 1 
REM 1 P e r c e n t  N 1 ' '  49.2 / 1 5  12.5  l 1  0 . 8  /15 37.5 
*X2 = 11.54, 6 d f ,  N . S .  
'X2 = 23.63, 6 df ,  p < 0.001.  
s e n s i t i v i t y .  However, t h e   t r e n d   o f   t h e   d a t a   w i t h   r e s p e c t   t o   t h e   r e l a t i v e  
frequency of t h e  d i f f e r e n t  r e s p o n s e s  i n  t h e  t h r e e  s t a g e s  o f  s l e e p  i s  
s i m i l a r  i n  both subgroups.  
3 .  Old Men 
A s  was  found  wi th  r e spec t  t o  ch i ld ren  and  middle-aged men, t h e  
o l d  men, r ega rd le s s  o f  s ens i t i v i ty ,  r e sponded  t o  s imula ted  sonic booms 
24 
. . 
I 
of h i g h e r  i n t e n s i t y  w i t h  a s t a t i s t i c a l l y  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  
r e l a t i v e  number of 0 responses  and w i t h  a g e n e r a l  i n c r e a s e  i n  t h e  p e r -  
cen tage  of 3 responses .  I n  Table  X V I ,  i t  can  be  seen  tha t  as boom 
Table  XVI 
RESPONSE  FREQUENCIES OF OLD MEN OF  RELATIVELY I D W  
AND HIGH SENSITIVITY TO SIMULATED  SONIC BOOMS 
OF  DIFFERENT INTENSITIES 
R e l a t i v e  
S e n s i t i v i t y  
* 
Low 
" 
High t 
. ~~ ~ 
Boom I Frequency I Response I 
* 2  
X = 53.29, 9 df, p < 0.001. 
'X2 = 17.28, 9 d f ,  0.05 > p > 0.025. 
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i n t e n s i t y  i s  i n c r e a s e d  from 0 . 6 5  t o  5.0 psf t h e  s u b j e c t s  of low s e n s i -  
t i v i t y  showed a d e c r e a s e  i n  p e r c e n t a g e  of 0 r e s p o n s e s  from a b o u t  63 
p e r c e n t  t o  a b o u t  25 p e r c e n t ,  w h i l e  t h e  h i g h l y  s e n s i t i v e  subjec t  showed a 
d e c r e a s e  from a b o u t  57  p e r c e n t  t o  a b o u t  18 p e r c e n t .   S i m u l t a n e o u s l y ,   t h e  
p e r c e n t a g e  of a w a k e   r e s p o n s e s  (scores of 3) i n c r e a s e d  from a b o u t  6 p e r c e n t  
t o  a b o u t  44 p e r c e n t  i n  t h e  g r o u p  of l o w  s e n s i t i v i t y ,  a n d  from a b o u t  19 
p e r c e n t  t o  a b o u t  44 p e r c e n t  i n  t h e  h i g h l y  s e n s i t i v e  s u b j e c t .  
T h e  d a t a  p r e s e n t e d  i n  T a b l e  X V I  s u g g e s t  t h a t ,  a l t h o u g h  t h e  h i g h  
and low s e n s i t i v i t y  s u b g r o u p s  d i f f e r  from e a c h  other  w i t h  r e s p e c t  t o  
t h e i r  r e s p o n s e s  t o  booms r a n g i n g  b e t w e e n  0 . 6 5  and 2 .50  p s f  i n  i n t e n s i t y ,  
a t  i n t e n s i t i e s  of 5 .O p s f  t h e  t w o  s u b g r o u p s  r e s p o n d  s i m i l a r l y .  A C h i -  
s q u a r e  of 0.917 ( 9  d f ,  N . S . )  w a s   o b t a i n e d  from a s t a t i s t i c a l  c o m p a r i s o n  
of t h e  r e s p o n s e  f r e q u e n c i e s  of t h e  r e l a t i v e l y  h i g h  a n d  r e l a t i v e l y  low 
s e n s i t i v i t y  s u b g r o u p s  t o  booms of 5 .O p s f  . 
I t  c a n  b e  s e e n  i n  T a b l e  X V I I  t h a t  when t h e  booms o c c u r r e d  
d u r i n g  s l e e p  s t a g e  D e l t a ,  t h e  o l d  s u b j e c t s ,  r e g a r d l e s s  of r e l a t i v e  s e n -  
s i t i v i t y ,  r e s p o n d e d  w i t h  s i g n i f i c a n t l y  more 1 r e s p o n s e s  a n d  s i g n i f i c a n t l y  
f e w e r  3 r e s p o n s e s  t h a n  were o b t a i n e d  when  booms o c c u r r e d  d u r i n g  s l e e p  
s t a g e  2 or  REM. T h i s   r e s u l t ,   f o r   t h e   o l d  men, i s  c o n s i s t e n t   w i t h   t h a t  
f o u n d  i n  t h e  c a s e  of t h e  c h i l d r e n  ( T a b l e  XIII)  a n d   t h e   m i d d l e - a g e d  men 
( T a b l e  XV) . 
F .  Response  t o  S u b s o n i c  Jet  A i r c r a f t  Noise 
A s  w a s   f o u n d   w i t h   r e s p e c t  t o  s i m u l a t e d   s o n i c  booms ( T a b l e   X I ) ,  t h e  
r e s p o n s e s  of t h e  t h r e e  a g e  g r o u p s  t o  s u b s o n i c  j e t  f l y o v e r  n o i s e  were 
s i g n i f i c a n t l y   d i f f e r e n t :   w i t h   i n c r e a s i n g   a g e   t h e   r e l a t i v e   n u m b e r   o f  0 
r e s p o n s e s   d e c r e a s e d   a n d ,   s i m u l t a n e o u s l y ,   t h e   i n c i d e n c e  of b e h a v i o r a l  
a w a k e n i n g   i n c r e a s e d .   I n   a d d i t i o n ,  w i t h  r e s p e c t  t o  t h e   r e l a t i v e l y  low and 
h i g h  s e n s i t i v i t y  s u b j e c t s  w i t h i n  t h e  m i d d l e - a g e d  a n d  o l d  c a t e g o r i e s ,  t h e  
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T a b l e  X V I I  
I 
RESPONSE  FREQUENCIES  OF OLD hEh OF  RELATIVELY 
L O W  AND HIGH SENSITIVITY TO SIMULATED SONIC 
BOOMS DURING DIFFERENT SLEEP STAGES 
R e l a t i v e  Sleep I ( N )  and 
S e n s i t i v i t y  Stage P e r c e n t  
F r e q u e n c y  
I I I I 
Low 
* 1 1 P e r t n t  I i: .5 
REM P e r c e n t  65.1 
N 22 1 I P e r c e n t  1 41.5 
High 1 1 P e r f n t  1 2!.4 
REM P e r c e n t  40.0 
t 
Response  
1 
45 19 44 
3  2 
21.5  21.9  9.3 
26 
9.4  49.1 
0 5 
7 
11.6 7.0 16.3 
5  3 
7 3 21 
* 2  
X = 30.43, 6 d f ,  p < 0.001. 
'X2 = 19.12, 6 d f ,  0.005 7 p 7 0.001.  
p e r c e n t a g e  of a w a k e n i n g  w a s  s i g n i f i c a n t l y  g rea te r  f o r  t h e  h i g h l y  s e n s i -  
t i v e  g r o u p  a n d  t h e  p e r c e n t a g e  of 0 r e s p o n s e s  w a s  s i g n i f i c a n t l y  lower f o r  
t h e  s u b g r o u p s  of lower s e n s i t i v i t y .   T h e   d a t a   i n   s u p p o r t  of these f i n d i n g s  
a r e  p r e s e n t e d  i n  T a b l e  X V I I I .  
1. C h i l d r e n  
C h a n g e s  i n  the  r e s p o n s e  f r e q u e n c i e s  of c h i l d r e n  t o  i n c r e a s e s  
i n  f l y o v e r  i n t e n s i t y  a r e  shown i n  T a b l e  XIX. A l t h o u g h  the  p e r c e n t a g e  
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Tab le  XVII I  
RESPONSE  FREQUENCIES OF THREE  AGE  GROUPS 
To SUBSONIC JET FLYOVER NOISE 
T I  I F r e q u e n c y  I Response  I 
Age R e l a t i v e  (N) and 
G r o u p   S e n s i t i v i t y   P e r c e n t  0 1 2 3 "- 
N 235  42 6 
Young P e r c e n t   8 2 . 5   1 4 . 7   2 . 1 0 . 7  
N 
2 2 . 7  9 . 7   4  4 5 . 2  P e r c e n t  
70 30 69   139  
Low 
t 
Old 
N 
3 4 . 3  1 4 . 3  1 7 . 1   3 .P e r c e n t  
36 15  18 36 
High 
* 2  X = 103 .67 ,  3 d f ,  p < 0 . 0 0 1 .  
'X2 = 8 .76 ,  3 d f ,  0 . 0 5  > p > 0.025. 
of  0 r e s p o n s e s   d e c r e a s e s   a n d   t h e   p e r c e n t a g e   o f  1 r e s p o n s e s  g e n e r a l l y  
i n c r e a s e s  a s  a r e s u l t  o f  i n c r e a s e s  i n  f l y o v e r  i n t e n s i t y ,  t h e  f a c t  t h a t  
o n l y  two a w a k e   r e s p o n s e s   o c c u r r e d ,   a n d   t h o s e   t o   f l y o v e r s   o f   1 0 1   a n d  113 
PNdB, s u g g e s t  t h a t  f o r  c h i l d r e n  a w a k e n i n g  is  m o r e   d e p e n d e n t   u p o n   i n t e r n a l  
f a c t o r s  t h a n  u p o n  t h e  i n t e n s i t y  o f  s t i m u l i  i n  t h e  e n v i r o n m e n t .  
No e f f e c t  o n  r e s p o n s e  f r e q u e n c i e s  d u e  t o  s l e e p  s t a g e  was  found 
i n  t h e  c h i l d r e n .  I n  T a b l e  XX i t  w i l l  b e  seen t h a t ,   a l t h o u g h  some d i f -  
f e r e n c e s  i n  t h e  p e r c e n t a g e s  o f  r e s p o n s e s  d u r i n g  t h e  t h r e e  s l e e p  s t a g e s  
of i n t e r e s t  were f o u n d ,  t h e  d i f f e r e n c e s  were s t a t i s t i c a l l y  i n s i g n i f i c a n t .  
T h i s   r e s u l t  i s  s i m i l a r  t o  t h a t  o b t a i n e d  w i t h  sonic booms.  However, i n  
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T a b l e  XIX 
RESPONSE  FREQUENCIES OF  CHILDREN 
TO SUBSONIC JET FLYOVER NOISE OF DIFFERENT INTENSITIES 
R e s p o n s e  3 e x c l u d e d ,  X 12-84, 6 d f ,  
0.05 > p > 0.025. 
2 
T a b l e  XX 
RESPONSE  FREQUENCIES OF  CHILDREN 
TO SUBSONIC JET FLYOVER NOISE DURING  THREE SLEEP STAGES 
I R e s p o n s e   F r e q u e n c y  
S l e e p  
P e r c e n t  S t a g e  
(N)  and 
3 2 1 0 
. .  . . . . . . 
N 3 0  24 89 
P e r c e n t  2.6  20.7 76.7 
I,,:---- 0 0 11 0.0 99  90.0 P e r c e n t  N 
N 1 2  7 38 
P e r c e n t  4.2 2.1 14.6  79.1 
". - " . - . 
n 
R e s p o n s e  3 e x c l u d e d ,  X = 8.13, 4 d f ,  
N . S .  
L 
29 
r e s p o n s e  to  f l y o v e r  n o i s e s  t h e  c h i l d r e n  s h o w e d  t h e  most f r e q u e n t  0 re- 
s p o n s e  ( a b o u t  90 p e r c e n t )  d u r i n g  s l e e p  s t a g e  D e l t a  a s  c o m p a r e d  t o  t h e  
p e r c e n t a g e s  of 0 r e s p o n s e s  d u r i n g  s l e e p  s t a g e s  2 and REM, w h e r e a s  t o  
s i m u l a t e d  s o n i c  booms d u r i n g  s l e e p  s t a g e  D e l t a  the c h i l d r e n  o b t a i n e d  t h e  
l e a s t  f r e q u e n t  0 r e s p o n s e   ( a b o u t  77 p e r c e n t ) .   S i n c e   t h e r e  i s  no a p r i o r i  
r a t i o n a l e  f o r  p r e d i c t i n g  t h a t  f l y o v e r  n o i s e s  d u r i n g  s l e e p  s t a g e  D e l t a  
would   have  less e f fec t  ( a  h i g h e r  p e r c e n t a g e  of 0 r e s p o n s e s )   a n d  booms 
d u r i n g  s l e e p  s t a g e  D e l t a  more o f  a n  e f f e c t  ( a  lower p e r c e n t a g e   o f  0 
r e s p o n s e s ) ,  i t  mus t  be c o n c l u d e d  t h a t  t h e  r e s p o n s e  d i f f e r e n c e s  o b s e r v e d  
i n  t h e  c h i l d r e n  d u r i n g  t h e  t h r e e  s l e e p  s t a g e s  t o  s i m u l a t e d  s o n i c  booms 
a n d   s u b s o n i c  j e t  f l y o v e r  n o i s e  a r e  i n  l a r g e  p a r t  d u e  t o  s a m p l i n g  errors 
a n d   a r e  of l i t t l e  c o n s e q u e n c e .  
2 .  Midd  le-Aged Men 
V a r i a t i o n s  i n  s u b s o n i c  j e t  f l y o v e r  n o i s e  i n t e n s i t y  r e s u l t e d  i n  
c h a n g e s   i n   t h e   r e s p o n s e   p a t t e r n s  of t h e   m i d d l e - a g e d   m e n .   H o w e v e r ,   t h e  
c h a n g e s   a p p e a r  t o  be d e p e n d e n t  u p o n  t h e  r e l a t i v e  s e n s i t i v i t y  of t h e  s u b -  
j e c t s .   F o r   e x a m p l e ,  i t  w i l l  be s e e n  i n  T a b l e  X X I  t h a t  w i t h  r e s p e c t  t o  
t h e   m i d d l e - a g e d  men of  l o w  s e n s i t i v i t y  i n c r e a s i n g  t h e  f l y o v e r  i n t e n s i t y  
f r o m  101 t o  119 PNdB r e s u l t e d  i n  a n  i n c r e a s e  of a b o u t  5 p e r c e n t  ( f r o m  
2.8 t o  7 . 8  p e r c e n t )   i n   t h e   n u m b e r   o f   a w a k e   r e s p o n s e s   ( s c o r e s   o f  3 ) .  I n  
c o n t r a s t ,  i n  t h e  h i g h  s e n s i t i v i t y  g r o u p  a s i m i l a r  i n c r e a s e  i n  i n t e n s i t y  
r e s u l t e d  i n  a n  i n c r e a s e  i n  a w a k e n i n g s   o f   a b o u t  40 p e r c e n t  ( f r o m  1 0 . 1  
p e r c e n t   a w a k e   r e s p o n s e s  t o  f l y o v e r s  of 101 PNdB t o  50.8 pe rcen t   awake  
r e s p o n s e s  t o  f l y o v e r s  of 119 PndB).  A s i m i l a r   r e s u l t   w i t h   r e s p e c t  t o  
r e s p o n s e s  t o  s i m u l a t e d  s o n i c  booms w a s   f o u n d .  
W i t h  r e s p e c t  t o  t h e  e f f e c t s  of s u b s o n i c  j e t  f l y o v e r  n o i s e  o n  
t h e  r e s p o n s e  f r e q u e n c i e s  of midd le -aged  men d u r i n g  t h e  d i f f e r e n t  s l e e p  
s t a g e s ,  two r e s p o n s e s  d i f f e r e n t  f r o m  t h o s e  o b s e r v e d  i n  r e s p o n s e  t o  booms 
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T a b l e  X X I  
RESPONSE  FREQUENCIES OF MIDDU-AGED MEN 
OF  RELATIVELY L O W  AND HIGH SENSITIVITY 
TO SUBSONIC JET FLYOVER NOISE OF DIFFERENT INTENSITIES 
Rela t ive  
S e n s i t i v i t y  
. . . - - - . . - . - . . . 
Low 
* 
High 
t 
F l y o v e r  I F r e q u e n c y  
I n t e n s i t y  
P e r c e n t  i n  PNdB 
(N) and 
0 
"" ~ - 1  ~ 
N 61 
lo' 1 P e r c e n t  1 8 4 . 7  
N 42  
107 I P e r c e n t  I 7 2 . 4  
39 1 P e r r e n t  I 52.7 
113 1 N 17 P e r c e n t  1 2 5 . 8  
N 9 
P e r c e n t  I 1 4 . 8  
I 1 .. ~ . . .  
* 2  
X = 62.11, 9 d f ,  p < 0.001. 
'X2 = 63.63, 9 d f ,  p < 0.001. 
Response  
2 4 . 1  3.5 
?,. (:all ;.. 
21.9 3 2 . 8  7 .8  
;!.4 1 1 1 i.l 
1 4 . 8  3.3 36.0 
2 7 . 9  6 .6  50.8 
were f o u n d .  First, f o r  booms (see T a b l e  XV) t h e   r e s p o n s e   f r e q u e n c i e s  
o f  t h e  l o w  s e n s i t i v i t y  g r o u p  were f o u n d   n o t  t o  v a r y  a s  some f u n c t i o n  of 
s l e e p  s t a g e ;  the r e s p o n s e s  t o  f l y o v e r  n o i s e  d i d  v a r y  w i t h  s l e e p  s t a g e ,  
a s  i s  shown i n  T a b l e  X X I I .  T h e  d i s t r i b u t i o n  of r e s p o n s e s  i n  t h e s e  t w o  
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T a b l e  X X I I  
RESPONSE FREQUENCIES OF  MIDDLE-AGED MEN OF  RELATIVELY 
HIGH AND I.DW SENSITIVITY TO SUBSONIC JET FLYOVER NOISE 
DURING DIFFERENT SLEEP STAGES 
R e l a t i v e  
S e n s i t i v i t y  
Low 
* 
High t 
T 
S l e e 1  
S t  agc 
2 
- 
Delt: 
REM 
2 
- 
D e l t z  
REM 
Response  
2 5 . 8  
14.1 
~~ ~~ 
3 
4 
2 . 7  
2 
3 .O -
3 
6 . 1  
~ 
57 
3 6 . 8  
~" 
13 
41.9  
23  
35 .9  
* 2  
X = 1 2 . 9 3 ,  6 d f ,  0.05 > p > O.025 .  
+X2 = 26.36 ,  6 d f ,  p < 0.001. 
c a s e s  w a s  s i m i l a r  ( f o r  e x a m p l e ,  t h e  p e r c e n t a g e  of 0 r e s p o n s e s   w a s   l o w e s t  
d u r i n g  s l e e p  s t a g e  D e l t a  f o r  b o t h  booms  and f l y o v e r s ,  w h i l e  t h e  p e r c e n t a g e  
of 1 scores w a s  h i g h e s t )  b u t  t h e  d i f f e r e n c e s  i n  p e r c e n t a g e s  were o f  
s m a l l e r   m a g n i t u d e  i n  t h e   c a s e   o f   r e s p o n s e s   t o   s i m u l a t e d   b o o m s .   S i n c e  
t h e  c o m p u t e d  s t a t i s t i c  f o r  t h e  boom d a t a  w a s  n e a r  t h e  m a g n i t u d e  r e q u i r e d  
f o r  s i g n i f i c a n c e  ( w i t h  6 d f ,  a C h i - s q u a r e   o f  12.6 is r e q u i r e d  for t h e  
0 . 5  l e v e l  of c o n f i d e n c e ,   w h e r e a s   t h e   o b t a i n e d   C h i - s q u a r e   w a s   1 1 . 5 )  i t  
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i s  c o n c l u d e d  t h a t  t h e  r e s p o n s e  t o  s i m u l a t e d  s o n i c  booms, a s  w e l l  a s  s u b -  
sonic j e t  f l y o v e r  noise, i s  i n  p a r t  d e p e n d e n t  u p o n  t h e  s t a g e  of s l e e p  
d u r i n g  w h i c h  t h o s e  s t i m u l i  o c c u r .  
T h e  s e c o n d  d i s c r e p a n c y  b e t w e e n  r e s p o n s e s  t o  sonic booms and 
f l y o v e r s  was t h e  r e l a t i v e l y  l a r g e  n u m b e r  of a w a k e  r e s p o n s e s  b y  t h e  h i g h l y  
sens i t ive  subjects  t o  f l y o v e r  n o i s e s  o c c u r i n g  d u r i n g  s l e e p  s t a g e  D e l t a .  
About 42 p e r c e n t  of t h e  f l y o v e r s  o c c u r r i n g  d u r i n g  s l e e p  s t a g e  D e l t a  re- 
s u l t e d  i n  awake   r e sponses ,  i n  c o n t r a s t  t o  a b o u t  36 p e r c e n t   a w a k e n i n g  t o  
f l y o v e r s  d u r i n g  s l e e p  s t a g e s  2 and REM. T h e s e   s a m e   s u b j e c t s  were awak- 
e n e d   l e a s t   f r e q u e n t l y ,   a b o u t   1 7   p e r c e n t  of t h e  time, by   booms   occur r ing  
d u r i n g  s l e e p  s t a g e  D e l t a  a s  c o m p a r e d  t o  b e i n g  a w a k e n e d  b y  a b o u t  38 p e r -  
c e n t   o f   t h e  booms t h a t   o c c u r r e d   d u r i n g   s l e e p   s t a g e s  2 and REM. T h e r e  
a r e  some d a t a   ( R e f ,  8 ,  f o r  e x a m p l e )   t h a t   s u g g e s t   a w a k e n i n g   t h r e s h o l d s  
d u r i n g  s l e e p  s t a g e  3 t o  b e  lower t h a n  t h o s e  f o r  s l e e p  s t a g e  4, ( s t a g e s  3 
and 4 c o m p r i s e   s l e e p   s t a g e   D e l t a ) .   I f   t h e   s u b j e c t s  i n  q u e s t i o n  were 
s t i m u l a t e d  more f r e q u e n t l y  by f l y o v e r s  d u r i n g  s l e e p  s t a g e  3 t h a n  b y  booms 
d u r i n g  s l e e p  s t a g e  4, t h e n  t h e  f i n d i n g  o f  more f r e q u e n t  awake r e s p o n s e s  
t o  f l y o v e r s   d u r i n g   s l e e p   s t a g e   D e l t a  i s  n o t   u n r e a s o n a b l e .   T h e   d a t a   p e r -  
t i n e n t  to  t h i s   h y p o t h e s i s   a r e   p r e s e n t e d   i n   T a b l e  X X I I I .  I t  c a n   b e   s e e n  
t h a t  n o t  o n l y  were r e l a t i v e l y  m o r e  booms t h a n  f l y o v e r s  p r e s e n t e d  w h i l e  
t h e  s u b j e c t s  were i n  s l e e p  s t a g e  3 b u t ,  i n  a d d i t i o n ,  t h e  s u b j e c t s  were 
a w a k e n e d   b y   t h e   f l y o v e r s   c o n s i d e r a b l y  more f r e q u e n t l y .  I t  s h o u l d  be 
n o t e d  a l s o  t h a t  when e i t h e r  s t i m u l u s  w a s  p r e s e n t e d  d u r i n g  s l e e p  s t a g e  
4 none of t h e  s u b j e c t s  were a w a k e n e d .   T h e s e   d a t a   s u g g e s t   t h a t   f l y o v e r s  
occurring d u r i n g  s l e e p  s t a g e  3 a r e  more a r o u s i n g  t h a n  t h e  s i m u l a t e d  s o n i c  
booms; t h i s  f i n d i n g  w i l l  be d i s c u s s e d  s u b s e q u e n t l y  i n  g r e a t e r  d e t a i l .  
3 .  Old Men 
A l t h o u g h  t h e  o l d  men of r e l a t i v e l y  l o w  s e n s i t i v i t y  were found  
t o  r e s p o n d  d i f f e r e n t l y  t o  c h a n g e s  i n  f l y o v e r  n o i s e  i n t e n s i t y ,  t h e  o l d  man 
33 
T a b l e  XXIII 
PERCENT AWAKE RESPONSES OF MIDDLE-AGED  MEN 
OF RELATIVELY H I G H  SENSITIVITY TO FLYOVER NOISE 
AND SONIC BOOMS OCCURRING DURING SLEEP STAGES 3 AND 4 
S t imulus  I S l e e p   S t  agc 
1 Type I 
S u b s o n i c  Jet  
F l y o v e r  Noise 
* 
27/257 = 10.5% ,
S i m u l a t e d  
S o n i c  Booms 
39/259 = 15.1% 
1 I 
2/39  = 5.1% 
4/257 * = 1.6% IO/4  t = 0% 1 
I I 
* 
P e r c e n t  of t h e  t o t a l  number of s t i m u l i  of the  t y p e  i n d i c a t e d .  p r e s e n t e d  i n  
t h e  s l e e p  s t a g e  s p e c i f i e d .  
+ 
Percent  of s t i m u l i  p r e s e n t e d  i n  the i n d i c a t e d  s l e e p  s t a g e  t h a t  r e s u l t e d  
i n  a n   a w a k e   r e s p o n s e  (score of  3) . 
of r e l a t i v e l y  h igh  s e n s i t i v i t y  d i d  n o t  s h o w  s t a t i s t i c a l l y  d i f f e r e n t  re- 
s p o n s e s  t o  s i m i l a r   c h a n g e s   o f   i n t e n s i t y .  A s  w i l l  be s e e n   i n   T a b l e  X X I V ,  
wi th  i n c r e a s e s  i n  i n t e n s i t y  of the  s u b s o n i c  j e t  f l y o v e r  n o i s e  t h e  l o w  
s e n s i t i v i t y   g r o u p   s h o w e d   a n   i n c r e a s e d   p e r c e n t a g e  of a w a k e   r e s p o n s e s  
(scores  of 3) and a d e c r e a s i n g   p e r c e n t a g e  of 0 r e s p o n s e s .   I n   c o n t r a s t ,  
t h e  s o - c a l l e d   h i g h   s e n s i t i v i t y   s u b j e c t   s h o w e d  a s i m i l a r  b u t  less s y s -  
t e m a t i c  p a t t e r n  of c h a n g e s  w i t h  i n c r e a s i n g  f l y o v e r  i n t e n s i t y ,  a n d  the 
m a g n i t u d e s   o f  the  c h a n g e s  were n o t  n e a r l y  S O  g r e a t  a s  t h o s e  o b s e r v e d  i n  
t h e  g r o u p  of low s e n s i t i v i t y .  For e x a m p l e ,   i n c r e a s i n g  the f l y o v e r   i n -  
t e n s i t y  from 101 t o  119 PNdB r e s u l t e d  i n  a d e c r e a s e  of a b o u t  37 p e r c e n t  
(from 62 .O t o  24.7) i n  t h e  0 r e s p o n s e s  o f  the g r o u p  of l o w  s e n s i t i v i t y ,  
whi le  w i t h  t h e  s u b j e c t  of h igh  s e n s i t i v i t y  t h e  s a m e  c h a n g e  o f  i n t e n s i t y  
r e s u l t e d  i n  a d e c r e a s e  of a b o u t  26 p e r c e n t  ( f rom 47.8 t o  22.2) i n  t h e  
f r e q u e n c y  of 0 r e s p o n s e s .  
3 4  
T a b l e  XXIV 
RESPONSE  FREQUENCIES O F  OLD MEN OF RELATIVELY LOW AND HIGH 
SENSITIVITY TO SUBSONIC JET AIRCRAFT FLYOVER NOISES 
OF DIFFERENT INTENSITIES 
R e l a t i v e  
S e n s i t i v i t y  
* 
Low 
High t 
F l y o v e r  
I n t e n s i t y  
i n  PNdB 
~- 
10 1 
107 
113 
119 
10 1 
107 
~ ~ ~ ~ ~ _ _ _  
113 
" 
119 
- . - - . - . 
F r e q u e n c y  
(N)  and 
P e r c e n t  
N 
P e r c e n t  
~ 
~ 
N 
P e r c e n t  
~ 
N 
P e r c e n t  
~ 
N 
P e r c e n t  
- 
N 
P e r c e n t  
" ~ 
N 
P e r c e n t  
.~ 
N 
P e r c e n t  
" _  
N 
P e r c e n t  
~ - . .  . 
* 2  
X = 43.76,  9 d f ,  p < 0.001. 
'X2 = 11.59, 9 d f ,   N . S .  
Response  
- 
0 
16  44 
1 
22.5 62.0 
40 
23.9  59.7 
16 
34 
22.4  40.0 
19 
21 
21.2 24.7 
18 
11 
21.7  47.8 
5 
10 
17.4  43.5 
4 
9 
12.5 28.1 
4 
6 
18.5 22.2 
5 
2 3 
7 
5.6 9.0 
3 8 
4.5 1 1 . 9  
8 24 
9.4 20.2 
15 31 
17.7 36.5 
4 3 
17.4 13.0 
1 8 
22.2 37.1 
S i n c e  t h e  t r e n d  o f  t h e  d a t a  f o r  t h e  s i n g l e  h i g h l y - s e n s i t i v e  
s u b j e c t  i s  s i m i l a r  t o  t h a t  o f  t h e  s u b j e c t s  of low s e n s i t i v i t y ,  i t  i s  con-  
c l u d e d  t h a t  t h e  s t a t i s t i c a l  i n s i g n i f i c a n c e  of a n  i n t e n s i t y  e f f e c t  ( i n  
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the case of  the highly-sensitive  subject)  may be attributed  to  sampling 
errors, and that  old  subjects of high and low  sensitivity  show  significant 
changes in response  with changes in flyover intensity. 
The responses  during the different  sleep  stages of the  old  men 
to subsonic jet flyover noises  were  similar  to  those  obtained to simulated 
sonic  booms. As will be  seen in Table XXV, for old subjects of both  low 
Table XXV 
RESPONSE  FREQUENCIES  OF OLD MEN OF RELATIVELY LOW AND  HIGH 
SENSITIVITY TO SUBSONIC  JET  FLYOVER  NOISES 
DURING DIFFERENT SLEEP STAGES 
Relative 
Sensitivity 
Low 
* 
High t 
I Stage Percent 0 1 
I I 1 
~ ~ 
Frequency 
Sleep (N) and 
Delta I I l6 1 l7 N 
Percent  35.5 37.8 
I I I 
I I I 
I 
I 
-I-"- Percent 34.4  12.5 
Delta 
N 
Percent I 1z.5 1 508.0 
I I I 
I 
N 
REM 1 Percent 
8.0 27.5 
17.8 8.9 
8.3 13.9 
5.0 40.0 
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and h igh  r e l a t i v e  s e n s i t i v i t y ,  b e h a v i o r a l  a w a k e n i n g  ( r e s p o n s e  3) was 
o b t a i n e d  least  f r e q u e n t l y  d u r i n g  s l e e p  s t a g e  D e l t a  a s  c o m p a r e d  t o  t h e  
f r e q u e n c y   o b t a i n e d   d u r i n g   s l e e p   s t a g e s  2 and REM. However ,   dur ing  t h i s  
Same s l e e p  s t a g e ,  De l t a ,  t h e  s u b j e c t s   o b t a i n e d  the  lowest p e r c e n t a g e  of 
0 r e s p o n s e s  a n d  t h e  h ighes t  p e r c e n t a g e  of 1 r e s p o n s e s .  
G .  Comparison of R e s p o n s e s  t o  S i m u l a t e d   S o n i c  Booms a n d   F l y o v e r s  
R e g a r d l e s s  of subjec t  s e n s i t i v i t y ,  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
the r e s p o n s e  f r e q u e n c i e s  t o  the  p a r t i c u l a r  s i m u l a t e d  s o n i c  booms and 
p a r t i c u l a r   s u b s o n i c  j e t  f l y o v e r   n o i s e  were f o u n d .   T h e s e   d a t a   a r e   p r e -  
s e n t e d  I n  T a b l e  XXVI . In t h i s  t a b l e  i t  w i l l  be s e e n  t h a t  o n l y  t h e  low 
s e n s i t i v i t y  m i d d l e - a g e d  men showed s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
i n  r e s p o n s e s  t o  booms a n d   f l y o v e r s .   H o w e v e r ,   t h a t   s i g n i f i c a n c e   a p p e a r s  
t o  be d u e  p r i m a r i l y  t o  the  r e l a t i v e l y  s m a l l  number  of 2 r e s p o n s e s  t o  
booms or, c o n v e r s e l y ,  t h e  r e l a t i v e l y  large number  of  2 r e s p o n s e s  t o  f l y -  
o v e r s .   S i n c e   o n l y  a s l i g h t  s t a t i s t i c a l  d i f f e r e n c e  i n  t he  f r e q u e n c y   o f  
a w a k e   r e s p o n s e s  t o  booms a n d   f l y o v e r s   w a s   f o u n d ,   a n d   s i n c e  t he  p r a c t i c a l  
s i g n i f i c a n c e  of the  i n c r e a s e  i n  t he  p e r c e n t a g e   o f  2 r e s p o n s e s  t o  f l y o v e r  
n o i s e s  i s  u n c l e a r ,  i t  i s  t h o u g h t  t h a t  the  s t a t i s t i c a l  d i f f e r e n c e s  i n  
t h i s  c a s e   a r e  of l i t t l e  c o n s e q u e n c e .  Note, h o w e v e r ,   t h a t   i n  t h e  main 
t h e  s u b g r o u p s  r e s p o n d e d  i n  a c h a r a c t e r i s t i c  m a n n e r  t o  f l y o v e r  n o i s e  
r e l a t i v e  t o  t he i r  r e s p o n s e s  t o  booms: f l y o v e r s   t y p i c a l l y   r e s u l t e d   i n  
fewer 0 r e s p o n s e s  a n d  i n  more r e s p o n s e s  s c o r e d  2 and 3. 
T o  a s s u r e  t h a t  t h e  l a c k  of s t a t i s t i c a l l y  s i g n i f i c a n t  r e s p o n s e  d i f -  
f e r e n c e s  t o  booms and t o  f l y o v e r s ,  shown i n  T a b l e  XXVI, w a s   n o t   s i m p l y  
a r e s u l t  o f  d a t a  a g g r e g a t i o n ,  the  r e s p o n s e s  of t he  m i d d l e - a g e d   a n d   o l d  
g r o u p s  a t  t he  e x t r e m e s  of the r a n g e  of i n t e n s i t i e s  t e s t e d  were compared .  
T h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  XXVII, where i t  w i l l  be s e e n  t h a t  
o n l y  o n e  c o m p a r i s o n  of t h e  16 compar i sons  made  was  found  to  be s i g n i f i c a n t  
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Table  XXVI 
RESPONSE  FREQUENCIES OF THREE AGE  GROUPS TO SIMULATED  SONIC BOOMS 
AND TO SUBSONIC JET  FLYOVER  NOISE 
Age 
Group 
Young 
* 
Middle- 
Aged 
Old 
Relative 
Sensitivity 
Low ' 
t 
0 High 
Low 
** 
High t t  
Stimulus 
Boom 
Flyover 
Boom 
Flyover 
Boom 
Flyover 
Boom 
Flyover 
Boom 
Flyove~ 
- 
Frequency 
( N )  and 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
* 2  
X = 3.22, 3 df, N . S .  
'X2 = 9.93,  3 df, 0.02 > p 7 0.01 
'X = 1.67, 3 df, N . S .  2 
** 2 
X = 2.67, 3 df, N . S .  
'+X2 = 5.62, 3 df, N . S .  
0 
246 
83.5 
235 
82 .6 
187 
71.9 
166 
61.9 
118 
45 .E 
104 
40.5 
156 
48 .E 
139 
45.2 
40 
38 .: 
36 
34 .: 
Resoonse 
"- 1 
45 
15.3 - 
42 
14.7 - 
52 
20 .o 
- 
61 
22 .a - 
45 
17.4 - 
52 
20.2 
- 
78 
24.4 
- 
69 
22.4 
- 
22 
21.2 
- 
18 
17.1 
3 
- 
0 
0 
2 
0.7 
8 
3.1 
9 
3.4 
- 
92 
35.5 
- 
95 
37 .O  
- 
57 
17.7 
70 
22.7 
37 
35.5 
36 
34.3 
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Tabla XXVII 
RESPONSE  FREqUENCIES OF YIDDLE-AGED AWD OLD SUBJECTS OF REUTIVELY 
HIGH AND I O W  SENSITIVITY 'TU SIMLIIATED SONIC BM)W AND 'TU SUBSONIC 
JET FLYOVER  NOISE  AT IWO INTENSITIES  EACH 
Response 
4 7 . 8   2 1 . 7   1 . 4   1 3 . 0  
1 8 . 5   2 9 . 6   7 . 4   4 . 4  
10 
2 2 . 2   1 8 . 5   2 2 . 2   3 7 . 1  
* 2  
X = 1 4 . 5 3 .  3 d f ,  0.005 > p > 0 . 0 0 1  
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s t a t i s t i c a l l y .  I t  might be e x p e c t e d   o n  the b a s i s  of t h e  d a t a   s h o w n  
e a r l i e r  i n  T a b l e  XXVI, t h a t  the r e s p o n s e  f r e q u e n c i e s  t o  5.0 p s f  booms 
versus 119 p s f  f l y o v e r s  of t h e  m i d d l e - a g e d  s u b j e c t s  of l o w  s e n s i t i v i t y  
were f o u n d  t o  be s t a t i s t i c a l l y  d i f f e r e n t ,  a n d  t h a t  d i f f e r e n c e  w a s  l a r g e l y  
d u e  t o  d i s c r e p a n c i e s   b e t w e e n   r e s p o n s e s   s c o r e d   a s  2, and ,  t o  a lesser ex- 
t e n t ,   b e t w e e n   r e s p o n s e s   s c o r e d  a s  1. I n   g e n e r a l ,  there a p p e a r e d  t o  be no  
c o n s i s t e n t  d i f f e r e n c e s  i n  r e s p o n s e s  t o  the booms a n d   f l y o v e r s   w h e n   c a t e -  
g o r i z e d   a c c o r d i n g  t o  r e l a t i v e   i n t e n s i t y .   I n   s h o r t ,  i t  a p p e a r s  t h a t  
i n c r e a s i n g  the boom i n t e n s i t y  b y  a f a c t o r  of 18 dB, from 0.65 t o  5.0 p s f ,  
h a d  a comparab le   awaken ing  e f f ec t  a s  d i d  i n c r e a s i n g  the s u b s o n i c  a i r -  
c r a f t  n o i s e  b y  18 dB, from 101 t o  119 PNdB; f u r t h e r ,  a boom of .65 p s f  
( m e a s u r e d   o u t d o o r s )   h a s   a b o u t   t h e   s a m e   a w a k e n i n g  e f f ec t  a s  d o e s  t h e  n o i s e  
of a s u b s o n i c  a i r c r a f t  o f  101 PNdB ( a s  m e a s u r e d  o u t d o o r s )  . 
H .  A d a p t a t i o n  t o  S i m u l a t e d   S o n i c  Booms and   Subson ic  Jet F l y o v e r  Noise 
I t  w i l l  be r e m e m b e r e d   t h a t  the  s u b j e c t s  were t e s t e d  o n  two non-  
c o n s e c u t i v e   n i g h t s   w e e k l y .   T h i s   s c h e d u l e  of t e s t i n g   n o t   o n l y  i s  some- 
w h a t  u n r e a l  i n  c o m p a r i s o n  t o  p e o p l e  l i v i n g  n e a r  a i r p o r t s  who h e a r  the  
a i r c r a f t  d a i l y ,  b u t  a l s o  m a k e s  the d e m o n s t r a t i o n  o f  a d a p t a t i o n  ( a s  i n -  
d i c a t e d  b y  a n  i n c r e a s e  i n  the  p e r c e n t a g e  of 0 r e s p o n s e s   a n d  a r e d u c t i o n  
i n  t h e  p e r c e n t a g e  o f  3 r e s p o n s e s )  t o  the  tes t  s t i m u l i   s o m e w h a t   u n l i k e l y .  
N e v e r t h e l e s s ,  t h e  r e s p o n s e s   o f  the  tes t  s u b j e c t s  t o  t h e  f l y o v e r  n o i s e  
a n d  s o n i c  booms d u r i n g  the f i r s t  f i v e  n i g h t s  of t e s t i n g  were compared 
w i t h  their  r e s p o n s e s   d u r i n g   t h e   l a s t   f i v e  test  n i g h t s .   A l t h o u g h  the 
t r e n d   o f  t he  d a t a ,  shown i n  T a b l e  X X V I I I ,  s u g g e s t s  t h a t  i n  most c a s e s  
some a d a p t a t i o n  h a d  o c c u r r e d ,  i n  o n l y  o n e  c a s e  ( t h a t  o f  t h e  midd le -aged  
s u b j e c t s  of h igh  s e n s i t i v i t y  r e s p o n d i n g  t o  s o n i c  booms) were t h e  r e s p o n s e  
c h a n g e s  of s t a t i s t i c a l  s i g n i f i c a n c e .  
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Table XXVIII 
RESPONSE FREQUENCIES ON THE FIRST AND LAST FIVE TEST NIGHTS  OF 
THREE AGE GROUPS To SIMULATELI SONIC BOOMS AND SUBSONIC JET FLYOVER NOISES 
Old 
L O W  
High 
LOW 
High 
~ ~ _ _ _ _ _ _ _ _ _ _ _  
Relative 
Sensitivity 
- 
- 
~ 
itimulus 
Type 
Sonic 
Booms 
Test 
Nights 
~ ~~ 
1 -5 
6-10 
I I 1-5 
Flyover 
Noise I 6-10 -+ 
Sonic I 1-5 
B o o m s  7 + 16  -20 
Flyover 
Noise 
1-5 
16  -20 
Sonic 
B o o m s  
I 16-20 I 
Flyover I 1-5 
Noise r 16-20 
Sonic 
B o o m s  
~ 
I -5 
~ 
16-20 
1 1-5 
Flyover 
Noise r 16-20 
Sonic 
Booms 
1 -5 
16 -20 
1 1-5 
Flyover , 
Noise I 16-20 
I 
Frequency 
(N) and 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
N 
Percent 
Response 
0 1 2 3  
07 24 3 0 
79.9 17.9  2.2 
39  21 0 0 
86.9  13.1 
05 16 2 2 
84.0 12.8 1.6 1.6 
30 26 4 0 
81.3 16.3 2.5 
44 15 2 3 
~ 
8 
33.3 
~ 
9 
27.3 
~ 
6 
23.1 
~ 
27.3 21.2 24.2 
12 
23.1 7.1 46.2 
* 2  x = 8.09, 3 df, 0.05 7 p  >0.025. 
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I. S u b j e c t i v e   R e s p o n s e s  t o  S u b s o n i c  Jet A i r c r a f t  Noise a n d   S i m u l a t e d  
~ 
S o n i c  Booms 
I n  a d d i t i o n  t o  the e f f e c t s  o f  n o i s e  o n  b e h a v i o r a l  a w a k e n i n g  a n d  
e l e c t r o e n c e p h a l o g r a p h i c  sleep, the s u b j e c t i v e  effects  of t h a t  n o i s e  were 
a s s e s s e d   t h r o u g h  t h e  u s e  of t w o  t y p e s  of q u e s t i o n n a i r e s ,  a d m i n i s t e r e d  
o n l y  t o  the m i d d l e - a g e d   a n d   o l d   s u b j e c t s .   O n e   q u e s t i o n n a i r e ,  a c o p y   o f  
which i s  p r e s e n t e d  a s  A p p e n d i x  A,  was   u sed  t o  d e t e r m i n e  t he  s u b j e c t i v e  
e f f e c t s  o f  n o i s e  o n  f e e l i n g s  o f  w e l l - b e i n g  t h e  n e x t  m o r n i n g ,  s e l e c t e d  
a t t i t u d e s  t o w a r d  t h e  s t i m u l i ,   a n d  t h e  a c c u r a c y  of memory f o r  the  number 
a n d   t y p e   o f   a w a k e n i n g   s t i m u l i .   T h i s   q u e s t i o n n a i r e   w a s   a d m i n i s t e r e d  twice: 
(1) i n  t h e  m o r n i n g   a f t e r  the  t e n t h  test n i g h t ,   a n d  ( 2 )  i n  t h e  m o r n i n g  
a f t e r  t h e  t w e n t i e t h  tes t  n i g h t .  
T h e   s e c o n d   q u e s t i o n n a i r e ,   A p p e n d i x  B, was  used t o  a s s e s s  the  s u b -  
j e c t i v e   e f f e c t s   o f   n i g h t t i m e   n o i s e   o n   p e r f o r m a n c e .   C o n s e q u e n t l y ,   t h e  
s u b j e c t s  were r e q u i r e d  t o  c o m p l e t e  t h e  q u e s t i o n n a i r e  a t  home a b o u t  5 : O O  
p.m. of t h e  d a y  f o l l o w i n g  t h e  t w e n t i e t h  t e s t  n i g h t .  
1. R e s p o n s e s  t o  t h e   F i r s t   Q u e s t i o n n a i r e   ( A p p e n d i x  A) 
T h i s  q u e s t i o n n a i r e  w a s  a d m i n i s t e r e d  twice t o  e a c h  s u b j e c t  a n d ,  
i n  g e n e r a l ,  t h e  r e s p o n s e s  o f  a n y  s u b j e c t  d u r i n g  t h e  f i r s t  a d m i n i s t r a t i o n  
were v e r y   s i m i l a r  t o  those o n   t h e   s e c o n d .   H o w e v e r ,   i n   o r d e r  t o  a c c o u n t  
f o r  t h e  v a r i a b i l i t y  a n d  y e t  h a v e  a s i n g l e  ]lumber t o  d e s c r i b e  t h e  g r o u p  
r e s p o n s e ,   t h e   r e s p o n s e s   o f   e a c h   s u b j e c t  on  e a c h   a d m i n i s t r a t i o n  of t h e  
q u e s t j o n c ; i r e  were t r e a t e d   s e p a r a t e l y .   T h u s ,  there  were a t o t a l  of e i g h t  
r e s p o n s e s  i n  e i t he r  a g e  g r o u p  t o  a n y  q u e s t i o n .  
Q u e s t i o n  3--About 75 p e r c e n t   o f   t h e   m i d d l e - a g e d   a n d   a l l  of t h e  
o l d - a g e d  s u b j e c t s  t h o u g h t  the  l a b o r a t o r y   e n v i r o n m e n t   o n   n o n - t e s t   n i g h t s  
w a s   c o n d u c i v e  t o  r e s t f u l   s l e e p .   T h e   p a r t i a l l y   d i s s e n t i n g   o p i n i o n   w a s  
a t t r i b u t e d  t o  t h e  c o m p l a i n t  b y  o n e  s u b j e c t  t h a t  " a t  times" h i s  movement 
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was " r e s t r i c t e d "   a n d   " c o n f i n e d t '   b y  the  e l e c t r o d e  h a r n e s s ,  a n d  the other 
midd le -aged  subjec t  w a s   d i s t u r b e d ,  a t  times, b y  the a i r - c o n d i t i o n e r .   T h e  
other s u b j e c t s  thought the test e n v i r o n m e n t  a g o o d  p l a c e  t o  s l e e p  b e c a u s e  
the room was  ' 'dark, q u i e t ,  and cool." 
Q u e s t i o n s  1, 2, 4, and 7--As w i l l  be s e e n  i n  T a b l e  XXIX,  a 
l a r g e  m a j o r i t y  (about  75 p e r c e n t ,  on t h e  a v e r a g e )  of the midd le -aged  
T a b l e  X X I X  
PERCENT OF A GIVEN  RESPONSE To THE  TOTAL  RESPONSES 
TO QUESTIONS 1, 2, 4, AND 7 OF  QUESTIONNAIRE A 
Middle-Aged 
C o n d i t i o n  o f  
P r e v i o u s  
N i g h t  
N o  S t i m u l i  
~~~~~ . 
" .  ~ ~~ 
Booms and 
F l y o v e r s  
No S t i m u l i  
Booms and 
F l y o v e r s  
Q u e s t i o n  
N o .  
1822 
4 & 7  
L & 2  
4 & 7  
P e r c e n t  o f  S u b j e c t s  R e p o r t i n g  
S e v e n   H o u r s '  Arise F e e l i n g  
- S l e e p   " F u l l y   R e s t e d "  
62 .5   75  .o 
2 7 . 5   2 7 . 5  
8 7 . 5  100 
6 2 . 5   a 7 . 5  
a n d   o l d   s u b j e c t s   n o r m a l l y   h a d   a b o u t   s e v e n   h o u r s '   S l e e p   a n d   a r o s e   f e e l i n g  
" f u l l y   r e s t e d , ' '   H o w e v e r ,  w i t h  s t i m u l a t i o n   d u r i n g  the n i g h t ,   t h e   n u m b e r  
of m i d d l e - a g e d  a n d  o l d  s u b j e c t s  who f e l t  a s  if t h e y  o b t a i n e d  the  U s u a l  
number of h o u r s  of s l e e p  ( 7  h o u r s )   w a s   r e d u c e d   s i g n i f i c a n t l y ,   a n d   t h e i r  
d e s c r i p t i o n s  o f  the  r e s t f u l n e s s  of the s l e e p  o b t a i n e d  were a l s o  less 
t h a n   ' ' f u l l y   r e s t e d  .I' 
Q u e s t i o n s  6 and 9--The t w o  a g e   g r o u p s   r e p o r t e d   s u b s o n i c  j e t  
a i r c r a C t  n o i s e  a n d  s o n i c  booms t o  be u n e q u a l l y  d i s t u r b i n g ,  a s  i s  shown 
i n  T a b l e  X X X .  Jet a i r c r a f t  n o i s e s  were most d i s t u r b i n g  t o  t h e   m i d d l e - a g e d  
T a b l e  XXX 
PERCENT OF MIDDLE-AGED AND OLD SUBJECTS 
REPORTING  SUBSONIC JET AIRCRAFT NOISE 
OR SIMULATED SONIC BOOMS  TO  BE  MOST DISTURBING TO SLEEP 
Age Most D i s t u r b i n g  ~- 
- - 
. . . "  
-~ 
1 
Group Jet A i r c r a f t   S o n i c  Booms No Response  ] 
Middle-Aged 87.5 1 2 . 5  
1 
0 I d   1 2 . 5   5 0  .O 3 7 . 5  
g r o u p ,   a n d   s o n i c  booms d i s t u r b e d   t h e   o l d   s u b j e c t s  most. I n   t h e   m a i n ?  the  
r e s p o n s e s   o f   a n y   s u b j e c t  t o  q u e s t i o n s  6 and 9 were t h e  same, so  t h a t  the 
r e s p o n s e s  t o  b o t h  q u e s t i o n s  were a g g r e g a t e d  t o  p r o d u c e  t h e  p e r c e n t a g e s  
of T a b l e  XXX. 
Q u e s t i o n s   8 a   a n d   1 1 - - A l t h o u g h  more t h a n  a s i m p l e  m a j o r i t y  of 
t h e   m i d d l e - a g e d   a n d   o l d   s u b j e c t s   t h o u g h t   t h e y   w o u l d   a d a p t  t o  t h e   n o i s e ,  
a n d  d e s p i t e  t h e  l a c k  of much e v i d e n c e  t h a t  a d a p t a t i o n  h a d  o c c u r r e d ,  a l l  
o f   t h e   o l d   s u b j e c t s   t h o u g h t   t h e y   h a d   a d a p t e d  t o  t h e  n o i s e ,  w h i l e  o n l y  
37.5 p e r c e n t  of t h e   m i d d l e - a g e d   s u b j e c t s   t h o u g h t   t h e y   h a d .   T h e s e   d a t a  
a r e   p r e s e n t e d  i n  T a b l e  X X X I .  I n   l i g h t  of t h e   e l e c t r o e n c e p h a l o g r a p h i c  
results, i .e.,  l i t t l e  e v i d e n c e  of a d a p t a t i o n ,   t h e   m i d d l e - a g e d   s u b j e c t s  
a p p a r e n t l y  were more a w a r e  of t h e  e f f e c t s  of t h e  noise o n  t h e i r  s l e e p  
t h a n  were t h e  o l d  sub jec t s .  
Q u e s t i o n  5--It m i g h t  be p r e d i c t e d  o n  t h e  b a s i s  o f  t h e  f i n d i n g s  
i n  r e s p o n s e  t o  q u e s t i o n s  8 a  a n d  11 t h a t  t h e  m i d d l e - a g e d  m e n  would know 
more a c c u r a t e l y  t h e  n u m b e r  of times t h e y  were b e h a v i o r a l l y  a w a k e n e d  ( i . e . ,  
u s e d   t h e   a w a k e   s w i t c h )   t h e   p r e v i o u s   n i g h t   t h a n   t h e   o l d   s u b j e c t s .   S u c h  
was   found   no t  to b e   t h e   c a s e :   t h e   m i d d l e - a g e d   s u b j e c t s   o b t a i n e d   a n  
a v e r a g e  error ( a c t u a l   n u m b e r   o f  times s w i t c h   w a s   u s e d   o n  a p a r t i c u l a r  
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T a b l e  XXXI 
PERCENT OF MIDDLE-AGED AND OLD SUBJECTS 
WHO THOUGHT THEY WOULD  ADAPT M THE NOISE 
AND  THEY HAD ADAPTED  TO NOISE 
Age Q u e s t i o n   a n d   P e r c e n t   R e s p o n d i n g :  I= ~ Group  i ts Number Yes ! N o  ! No Response  I 
I Will get u s e d  t o  n o i s e  ( 11) 150.01 37.5 1 12.5 I 
lhliddle-Aged 1 I I I 1 
H a v e  g o t t e n  u s e d  
t o  n o i s e  ( 8 a )  
Will get u s e d  1 1 1 12 .5 I 
t o  n o i s e  ( 1 1 )  
62.5 2 5 . 0  
I O l d  t I I I I 
H a v e  g o t t e n  u s e d  
t o  n o i s e  (8a)  
100 0 0 
- - ". ~ . 
n i g h t  i n  r e s p o n s e  t o  the boom or  f l y o v e r  n o i s e  m i n u s  n u m b e r  of times 
s u b j e c t  r e p o r t e d  the f o l l o w i n g  m o r n i n g  t h a t  he had   been   awakened   by   one  
s t i m u l u s  or  t h e  other)  o f  0.5, w h i l e  the o l d  s u b j e c t s  o b t a i n e d  a n  a v e r -  
a g e  error of 0 .2 .  G r a n t i n g  t h e  s m a l l   d i f f e r e n c e   b e t w e e n  the a v e r a g e  
errors, t h e s e   r e s u l t s   s u g g e s t   t h e   m i d d l e - a g e d   s u b j e c t s   u n d e r e s t i m a t e d  
t h e  number of times t h e y  were awakened t o  a g r e a t e r  e x t e n t  t h a n  d i d  the 
o l d   s u b j e c t s .  
2 ,  R j p p e n d i x  . . . - . . . . . . -. -. . B) 
T h e  d a t a  o b t a i n e d  from the  s e c o n d  q u e s t i o n n a i r e  p r o b a b l y  a r e  
o f  l i t t l e  s i g n i f i c a n c e   b e c a u s e  of the smal l  s a m p l e .   C o n s e q u e n t l y ,   t h e y  
w i l l  n o t  be d e s c r i b e d  i n  d e t a i l .  
P e r h a p s  of some i n t e r e s t  may be the r e s p o n s e s  t o  t h e  t w o  q u e s -  
t i o n s  ( 4  and 8) t h a t  d e a l  w i t h  s u b j e c t i v e  f e e l i n g  s t a t e  a f t e r  t w o  test  
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n i g h t s  ( n i g h t s  t h a t  i n c l u d e d  s t i m u l a t i o n  b y  s i m u l a t e d  s o n i c  booms and 
subsonic jet  f l y o v e r  n o i s e )  a n d  two q u e s t i o n s  (6 and 9) c o n c e r n i n g   p e r -  
f o r m a n c e  the  d a y   f o l l o w i n g  a n i g h t  of s t i m u l a t i o n .  T o  be f o u n d  i n  T a b l e  
X X X I I  a r e  the o p i n i o n s  of the m i d d l e - a g e d   a n d   o l d   s u b j e c t s - - e x p r e s s e d   a s  
T a b l e  XXXII 
OPINIONS OF MIDDLE-AGED AND OLD SUBJECTS 
CONCERNING  THE EFFECTS OF EXPERIMENTAL DISRUPTIONS 
OF THE  PRECEDING  NIGHTS SLEEP ON TWO SELF-PERCEPTIONS THE  SUBSEQUENT DAY 
c Q u e s t i o n   a n d  i t s  Number P e r c e n t  of S u b j e c t s  R e s p o n d i n g  : 
When a w a k e  d i d  S l e p t  S l e p t  a s  Well S l e p t  B e t t e r  
you f e e l  y o u :  P o o r l y ?  a s  a t  Home? Than a t  Home? 
( 4  and 8 )  
25 .O 37.5 37.5 
On  u s u a l  d a i l y  
t a s k s  d i d  y o u :  
P e r f o r m  P e r f o r m  a s  Well P e r f o r m  B e t t e r  
Poor 1 y? a s  Usua l?  Than  Usual?  
(6 and 9) 
12.5 37.5 50 .O 
S l e p t  
Very  
P o o r  1 y? 
0 
P e r f o r m  
Very  
P o o r l y ?  
0 
a p e r c e n t a g e  of the t o t a l  number of r e s p o n s e s  (16)"t.o t w o  q u e s t i o n s ,  
e a c h  r e f e r r i n g  t o  a p r e c e d i n g  tes t  n i g h t   a n d  i t s  s u b s e q u e n t  e f f e c t s .  
I t  w i l l  be s e e n  t h a t  a l t h o u g h  25 p e r c e n t   o f  the s u b j e c t s  t h o u g h t  t h e y  
s l e p t  better t h a n  a t  home, o n l y  12.5 p e r c e n t   t h o u g h t   t h e y   p e r f o r m e d  
the i r  u s u a l   t a s k s  better t h a n   n o r m a l l y .  I n  c o n t r a s t ,  37.5 p e r c e n t  of 
the  r e s p o n s e s  i n d i c a t e d  t h e  s u b j e c t s  s l e p t  p o o r l y  a n d  a n  e q u i v a l e n t  
number ( t h e  s a m e  s u b j e c t s  i n  a l l  c a s e s )   t h o u g h t  t h e i r  p e r f o r m a n c e   t h e  
f o l l o w i n g   d a y   w a s   e f f e c t e d   n e g a t i v e l y .  None of the  s u b j e c t s   d e s c r i b e d  
i n c i d e n t s   i n d i c a t i n g   p o o r   p e r f o r m a n c e   ( q u e s t i o n s  7 and l o ) ,  b u t  t h e  
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7 4 - y e a r - o l d  s u b j e c t  d i d  d e s c r i b e  a n  i n d i c a t i o n  of better p e r f o r m a n c e  i n  
h i s  work as a part-t ime h a r d w a r e  s a l e s m a n .  
F i n a l l y ,  o n l y  o n e  of the  e ight  s u b j e c t s  i n d i c a t e d  t h a t  a i r c r a f t  
noise was d i s t u r b i n g  a t  home d u r i n g  the  n i g h t  i n  r e s p o n s e  t o  q u e s t i o n  
16. O f  the  remain ing  s e v e n ,  f i v e  i n d i c a t e d  t r a f f i c  n o i s e   a s   b e i n g  both- 
ersome, o n e   r e p o r t e d   b a r k i n g   d o g s ,   a n d   a n   a p a r t m e n t   d w e l l e r   c i t e d   l o u d  
t a l k i n g  i n  the h a l l w a y  a s  a n  i r r i t a n t .  
J. C_omparJ-sofi._of_.the M o s t - R e c e n t . . . R e s u l t s   w i t h   T h o s e   O b t a i n e d   i n  a 
P r e v i o u s  S t u d y  ( R e f .  2) 
I n   g e n e r a l ,  t h e  r e s p o n s e s   o f   t h e  three a g e   g r o u p s   r e p o r t e d   a b o v e  
a r e  s i m i l a r  t o  those o b t a i n e d  i n  a p r e v i o u s   s t u d y 2  of two s u b j e c t s  i n  
e a c h  of t h e  three a g e   g r o u p s .   I n c l u d e d   i n   T a b l e  X X X I I I  a r e  the r e s p o n s e  
f r e q u e n c i e s  o f  the  t h r e e  a g e  g r o u p s  f r o m  both s t u d i e s  t o  s i m u l a t e d  s o n i c  
booms of 0.63, 1.25, and 2.50 p s f   a n d   s u b s o n i c  j e t  f l y o v e r   n o i s e s   o f  
101, 107, and 113 PNdB o r d e r e d   i n  terms o f   a p p a r e n t   s e n s i t i v i t y .  I t  
c a n  be s e e n  t h a t  among t h e  c h i l d r e n  t he  r e s p o n s e  r a t e s  t o  the s t i m u l i  
a r e   v e r y   s i m i l a r .   T h e   m i d d l e - a g e d   s u b j e c t s   o f  the f i r s t  s t u d y  showed 
r e s p o n s e s   b e t w e e n   t h a t  of t h e  low a n d   h i g h   s e n s i t i v i t y   s u b g r o u p s ,   b u t  
o b v i o u s l y  a r e  more s i m i l a r  t o  the  low s e n s i t i v i t y  s u b g r o u p  t h a n  t o  t h e  
s u b g r o u p  of h igh  s e n s i t i v i t y .   T h e   p r e v i o u s   g r o u p   o f   o l d   s u b j e c t s   a p p e a r s  
t o  h a v e   b e e n  more s e n s i t i v e  t o  t h e  s t i m u l i  t h a n  w a s  the  o l d  s u b g r o u p  of 
h i g h  s e n s i t i v i t y  i n  t h e  p r e s e n t  s t u d y .  
K .  F r e q u e n c y  of Behavioral Awakening of S u b j e c t s   i n   F o u r  Age Groups-- 
~. 
C o m p i l a t i o n   o f   R e s u l t s  from T h i s   S t u d y   a n d   R e f s .  1 and 2 
An i n c r e a s e d  f r e q u e n c y  o f  b e h a v i o r a l  a w a k e n i n g  t o  s i m u l a t e d  s o n i c  
booms a n d   s u b s o n i c  jet a i r c r a f t  n o i s e  of i n c r e a s i n g  i n t e n s i t y  w a s  f o u n d  
i n  t h e  t h r e e  o l d e r  a g e  g r o u p s .  A s  w i l l  be s e e n  i n  T a b l e  XXXIV,  t h e  
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T a b l e  XXXIII 
RESPONSE  FREQUENCIES OF SIX SUBJECTS I N  EACH OF  THREE 
AGE GROUPS TO SIMULATED SONIC BOOMS AND SUBSONIC JET FLYOVER NOISES 
Age 
Group 
Young 
Middle-Aged 
Old 
S o u r c e  of 
Age Datg,  i .e, R e l a t i v e  
( y e a r s )   S t u d y   S e n s i t i v i t y  
5 7  5, 6, 
8 
P r e s e n t  
7 and 8 P r e v i o u s  
45  and 
53 
P r e s e n t  
54 
P r e v i o u s  
45 and  1 P r e s e n t  1 High 
57 
70, 7 4 ~  I P r e s e n t  I Low 
and  75 
69  I P r e s e n t  1 High 
F requency  
(N) and  Response 
P e r c e n t  0 1 & 2  3 
N 481 95 2 
P e r c e n t   8 3 . 2  16.5 0 . 3  
N 371 58 2 
P e r c e n t  86 .O 13.5 0.5 
N 302 85 9 
P e r c e n t  76.2 21 .5  2 . 3  
N 262 111 19 
P e r c e n t  6 6 . 8  2 8 . 4  4 . 8  
N 199 76 1124 
N 
N 65 I 39 
N 
P e r c e n t  
22 .3  1 1 9 . 2  5 8 . 5  
-I- 
Table XXXIV 
PERCENT AWAKE RESPONSES OF FOUR AGE GROUPS To SIMULATED SONIC BOOM 
AND SUBSONIC JET AIRCRAFT NOISE AT SEVERAL INTENSITIES 
St imulus -   In t ens i  
Boom I n t e n s i t y  
0.63-0.65 psf 
1 .25  psf  
* 
1.9-2.5 psf  
5 .0  p s f  
~ ~~ 
Flyover  I n t e n s i t  
93  PNdB 
101 & 103 PNdB 
107 PNdB 
113 PNdB 
119 PNdB 
. 
* 
5-8 Years 
0/144 = 0 
1/181 = 0.6% 
t 
0/180 = 0 
0/78 = 0 
1/148 = 0.7% 
1/178 = 0.6% 
7/187 = 3.9% 
0/70 = 0 
_____ ~ - - 
Aee  Ranne 
21-22 Years 
2/144 = 1.4% 
6/120 = 5.07% 
0/24 = 0 
8/24 = 33% 
22/24 = 91.7% 
41-57 Years 
11/175 = 6.3% 
21/205 = 10.2% 
38/224 = 17.0% 
35/91 = 38.5% 
9/190 = 4.7% 
30/195 = 15.4% 
43/208 = 20.7% 
36/125 = 28.8% 
69-75 y e a r s  
77/188 = 41.0% 
29/134 = 21.6% 
28/118 = 23.7% 
44/100 = 44 .O% 
44/194 = 22.7% 
29/108 = 26.9% 
39/117 = 33.3% 
41/88 = 46.6% 
As i f  measured  outdoors.  
+ (Number  of  awake r e s p o n s e s / t o t a l  number of s t i m u l i  a t  t h e  i n d i c a t e d  i n t e n s i t y )  
X 100 = p e r c e n t .  
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c h i l d r e n  a p p e a r e d  t o  be u n i f o r m l y  u n r e s p o n s i v e  t o  e i t h e r  s t i m u l u s  re- 
g a r d l e s s  of i n t e n s i t y .   I n   a d d i t i o n ,   t h e   o l d   s u b j e c t s  were awakened  much 
m o r e  f r e q u e n t l y  b y  t h e  s i m u l a t e d  booms o f  0.63 p s f  t h a n  t o  booms o f  1 . 2 5  
and 2.5 p s f .   T h i s   d i s c r e p a n c y  i s  d u e   l a r g e l y   t o   t h e   v e r y   h i g h   a w a k e n i n g  
r a t e  o f  t h e  p a i r  o f  o l d  s u b j e c t s .  of t h e  f i r s t  s t u d y 2  t o  booms o f  0.63 p s f  
They were awakened  by 63 p e r c e n t  o f  t h e  booms  of 0.63 p s f ,  w h i l e  t h e  
f o u r  o l d  men of t h i s  s t u d y  were awakened   by   on ly   12   pe rcen t   ( ave raged  
o v e r   s u b j e c t s   o f   l o w   a n d   h i g h   s e n s i t i v i t y )  of t h e  0.63 psf  booms. 
A t  a g i v e n   i n t e n s i t y ,   h o w e v e r ,   t h e   f r e q u e n c y  of awakening i s  p o s i -  
t i v e l y   c o r r e l a t e d   w i t h   a g e .   T h e   r e s p o n s e s   o f   t h e   c o l l e g e - a g e   s u b j e c t s ’  
t o   s u b s o n i c  j e t  f l y o v e r  n o i s e  c l e a r l y  a r e  a n  e x c e p t i o n  t o  t h e  r u l e ,  s ince 
t h e i r  f r e q u e n c y  o f  a w a k e n i n g  t o  e v e n  l o w  i n t e n s i t y  f l y o v e r  n o i s e  i s  
h i g h e r  t h a n  m i g h t  be p r e d i c t e d  on t he  b a s i s  of t h e i r  c h r o n o l o g i c a l  a g e .  
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V DISCUSSION 
I n  g e n e r a l ,  t h e  r e s u l t s  o b t a i n e d  i n  t h e  most r e c e n t  s t u d y  f i t  r e a -  
s o n a b l y  well w i t h   t h o s e   o b t a i n e d   p r e v i o u s l y .   H o w e v e r ,   o n e   d i f f e r e n c e  
h a s  b e e n  f o u n d  t h a t  p o s s i b l y  r e q u i r e s  e x a m i n a t i o n  a n d  e x p l a n a t i o n .  
I n  t h e  e a r l i e r  s t u d y  t h e r e  a p p e a r e d  t o  be n o  d i f f e r e n c e s  i n  r e s p o n s e  
f r e q u e n c i e s  or, more i m p o r t a n t l y ,  f r e q u e n c y  of awakening t o  booms of 
d i f f e r e n t  i n t e n s i t i e s ,  a l t h o u g h  s u c h  a n  e f f e c t  w a s   f o u n d   f o r   f l y o v e r  
n o i s e .   I n   t h e  more recent s t u d y   a n   i n t e n s i t y  e f fec t  w a s   n o t e d   f o r   b o t h  
s i m u l a t e d   s o n i c  booms a n d   f l y o v e r  noise. W h i l e  i t  i s  p o s s i b l e   t h a t  
d u r i n g  s l e e p  s t i m u l i  w i t h  d u r a t i o n s  a s  s h o r t  a s  t h o s e  o f  booms ( a b o u t  
300 ms) a r e  i n d i s t i n g u i s h a b l e  w i t h  r e s p e c t  t o  i n t e n s i t y ,  i t  i s  more 
r e a s o n a b l e ,  w e  b e l i e v e ,  t o  a t t r i b u t e  t h e  a p p a r e n t  l a c k  of a n  i n t e n s i t y  
e f f e c t  i n  t h e  p r e c e d i n g  s t u d y  t o  s a m p l i n g  errors or p r o c e d u r a l  d i f f e r e n c e s  
b e t w e e n   t h e  two s t u d i e s .  
T h r o u g h o u t  t h e  n i g h t s  o f  t h e  e a r l i e r  s t u d y  t h e  i n t e n s i t y  of each   o f  
t h e   s t i m u l i   w a s   r e p e a t e d   a t   t h e   s a m e   l e v e l ,   w i t h   t h e   l e v e l   c h a n g i n g   f r o m  
n i g h t - t o - n i g h t ,   w h e r e a s   i n   t h e   p r e s e n t   s t u d y   t h e   i n t e n s i t y   o f  the  s t i m u l i  
w a s   v a r i e d   w i t h i n   e a c h  test  n i g h t .  I t  c o u l d   b e   t h e o r i z e d   t h a t   s t i m u l i  
r e p e a t e d  a t  a s i n g l e  i n t e n s i t y  t h r o u g h o u t  t h e  n i g h t  a c q u i r e  a d i f f e r e n t  
"meaning"B,10   and ,   hence ,   a re   responded t o  less t h a n  when t h e  l e v e l  i s  
v a r i e d .   H o w e v e r ,   t h e   f a c t s   t h a t   t h e   e f f e c t s   o f   v a r i a t i o n s   i n   i n t e n s i t y  
o f  t h e  s u b s o n i c  a i r c r a f t  n o i s e  were s i m i l a r  i n  t h e  t w o  s t u d i e s ,   a n d   t h a t  
awakening   occur red   somewhat  more f r e q u e n t l y  i n  t h e  f i rs t  s t u d y  t h a n  i n  
t h e   s e c o n d ,   r e g a r d l e s s  of t h e   t y p e  of s t i m u l u s ,   s u g g e s t   t h a t   s u c h   t h e o -  
r i z i n g  i s  n o t  w a r r a n t e d  o n  t h e  b a s i s  of p r e s e n t  d a t a .  
51 
V I  CONCLUSIONS 
1. T h e   s l e e p   o f   c h i l d r e n  (5 t o  8 y e a r s   o f   a g e )   t e n d s   t o   b e   e s s e n t i a l l y  
u n a f f e c t e d  b y  e i t h e r  s i m u l a t e d  s o n i c  booms o r  s u b s o n i c  j e t  f l y o v e r  
n o i s e  o v e r  a w i d e  r a n g e  o f  i n t e n s i t i e s  ( f r o m  0.63 t o  5.0 p s f  f o r  
s o n i c  booms, a s   m e a s u r e d   o u t d o o r s ,   a n d  101 to  119  PNdB f o r  f l y o v e r  
noise, a s  m e a s u r e d  o u t d o o r s )  . 
2. On t h e   a v e r a g e ,   m i d d l e - a g e d  men, a b o u t  50 y e a r s   o f   a g e ,  i n  a " t y p i c a l "  
h o u s e   a r e   a w a k e n e d   b y   a b o u t  18 p e r c e n t  o f  t h e  s i m u l a t e d  s o n i c  booms 
r a n g i n g  i n  i n t e n s i t y  f r o m  0 . 6 3  t o  5 . 0  p s f ,  a n d  t o  a n  e q u a l  e x t e n t  
b y   s u b s o n i c  j e t  f l y o v e r  n o i s e s  r a n g i n g  i n  i n t e n s i t y  f r o m  1 0 1  t o  1 1 9  
PNdB . 
3.  On t h e   a v e r a g e ,   o l d  men, a b o u t  72 y e a r s   o f   a g e ,   i n  a " t y p i c a l "  
house   a r e   awakened   by   abou t  32 p e r c e n t  o f  booms r a n g i n g  f r o m  0 . 6 3  
t o  5.0 p s f  i n  i n t e n s i t y ,  and t o   a b o u t   t h e   s a m e   e x t e n t   b y   s u b s o n i c  
je t  f l y o v e r  n o i s e s  o f  101 t o  119 PNdB. 
4 .  W i t h i n   b o t h   t h e   m i d d l e - a g e d   a n d   t h e   o l d   g r o u p s   t h e r e   a p p e a r   t o   b e  
a t  l e a s t  t w o  i d e n t i f i a b l e  s u b g r o u p s  o f  d i f f e r e n t  s e n s i t i v i t y  t o  
n o i s e   d u r i n g   s l e e p .  For t h e   m i d d l e - a g e d   g r o u p   t h e   s o - c a l l e d   h i g h  
s e n s i t i v i t y  s u b g r o u p  i s  a b o u t  t e n  times m o r e  l i k e l y  t o  be awakened 
b y  s i m u l a t e d  booms o r  f l y o v e r  n o i s e  t h e n  i s  t h e   s u b g r o u p   o f   l o w  
s e n s i t i v i t y .   I n   c o n t r a s t ,   t h e   o l d   s u b g r o u p   o f   h i g h   s e n s i t i v i t y  i s  
o n l y   a b o u t  twice a s  l i k e l y  t o  be a w a k e n e d   b y   t h e   s t i m u l i   a s  i s  t h e  
o l d   s u b g r o u p  of l o w  s e n s i t i v i t y .  
5 .  On t h e   a v e r a g e ,   f o r   m i d d l e - a g e d   a n d   o l d   g r o u p s ,   s o n i c   b o o m s   o f  2 . 0  
p s f  a r e  a s  a w a k e n i n g  a s  s u b s o n i c  je t  f l y o v e r   n o i s e s   o f   a b o u t   1 1 0  
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PNdB ( b o t h  sounds a s  i f  measured outdoors). (These   da t a   a r e  i n  
agreement   with  those of Kry te r  e t  a l .  and  Broadbent  and  Robinson12 
w i t h  r e s p e c t  t o  t h e  awake sub jec t ,  and  to  those  r epor t ed  earlier 
f o r  t h e  s l e e p i n g  human. ) I n   a d d i t i o n ,   f o r   a n y   i n c r e a s e  or dec rease  
of about 6 PNdB i n  f l y o v e r  n o i s e  t h e  c h a n g e  i n  r a t e  o f  a w a k e n i n g  
i s  approximate ly  the  same as doubling or h a l v i n g  t h e  i n t e n s i t y  of 
t h e  s o n i c  boom. 
a 
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Appendix  A 
FIRST QUESTIONNAIRE 
NAME DATE 
1. 
2 .  
3. 
4 .  
5. 
6. 
How many h o u r s  o f  s l e e p  d o  y o u  n o r m a l l y  g e t ?  
How d o  y o u  g e n e r a l l y  a w a k e n ?  
F u l l y  rested 
P a r t   i a  1l y   r e s t e d  
T i r e d  
V e r y   t i r e d  
R e s t e d ,   b u t   g r o g g y  
O t h e r   ( d e s c r i b e )  
If t h e r e  were n o  n o i s e s  d o  y o u  t h i n k  t h e  room i n  w h i c h  y o u  h a v e  b e e n  
s l e e p i n g   w o u l d   b e   c o n d u c i v e   t o   r e s t f u l   s l e e p ?   ( y e s ,   n o ,   e x p l a i n )  
How d o  y o u  f e e l  t h i s  m o r n i n g ?  
F u l l y  r e s t e d  
P a r t i a l l y  r e s t e d  
T i r e d  
V e r y  t i r e d  
How many times d i d  e a c h  of t h e  f o l l o w i n g  n o i s e s  a w a k e n  y o u ?  
N o i s e  i n  l a b o r a t o r y  
Jet a i r c r a f t  
Booms 
Which n o i s e  do y o u  t h i n k  w a s  t h e  most d i s t u r b i n g ?  
Jet a i r c r a f t  
Booms 
N o i s e  i n  l a b o r a t o r y  
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7 .  Do you f e e l  a s  i f  you had: 
A f u l l  n i g h t ’ s  s l e e p  
6 hours  o f  s l eep  
4 hours  of s l e e p  
2 hours  of s l e e p  
Been awake a l l   n i g h t  
8 .  Do you  th ink  you have become used t o  the  n o i s e s  so t h a t  t h e y  
d i s t u r b   y o u r   s l e e p  less than   p rev ious ly?  (Yes, N o )  
Assuming the n o i s e s  a r e  e q u a l l y  l o u d ,  which do  you  th ink  i s  
e a s i e s t  t o  get used to? 
N o i s e  i n  t h e  l a b o r a t o r y  
Booms 
Jet a i r c r a f t  
9. Which do you t h i n k  i s  hardest  t o  get used to? 
Noi se  in  the l a b o r a t o r y  
Booms 
Jet a i r c r a f t  
10. Think  back t o  t h e  f i r s t  c o u p l e  of n i g h t s  d u r i n g  which you heard 
t h o s e  n o i s e s .  As you remember i t ,  which d i d  you f i n d  most d i s -  
t u r b i n g ?  
No i se  in  t h e  l a b o r a t o r y  
Booms 
Jet  a i r c r a f t  
11. D i d  you th ink  a t  t h a t  time t h a t  you  would g e t  u s e d  t o  the  no i se?  
(Yes, No) 
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Appendix B 
SECOND QUESTIONNAIRE 
I n  a d d i t i o n  t o  t h e  e f f e c t s  o f  n o i s e  o n  y o u r  s l e e p  p a t t e r n s ,  w e  a r e  i n t e r -  
e s t e d  i n  how you fee l  t h e  d a y  a f t e r  y o u  s l e p t  i n  t h e  l a b o r a t o r y .  P l e a s e  
a n s w e r   t h e   f o l l o w i n g   q u e s t i o n s .   P l e a s e  c i rc le  t h e  n u m b e r   t h a t  best de- 
scribes y o u r  o p i n i o n .  
R e c a l l  t h e  f i r s t  s e v e r a l  n i g h t s  y o u  s l e p t  i n  t h e  l a b o r a t o r y  i n  
w h i c h  n o  n o i s e s  were p r e s e n t e d  - d o  y o u  feel  t h a t  o n  t h e  a v e r a g e  
1 2 3 4 
You s l e p t  much  You s l e p t   a s You s l e p t  YOU s l e p t  
b e t t e r   h a n   a t well a s   a t  home p o o r  1 y v e r y  
home p o o r l y  
A b o u t  n o o n  t h e  d a y  a f t e r  t h o s e  n i g h t s ,  d i d  y o u  f e e l  -
1 2 3 4 
More r e s t e d  A s  well a s  I L i t t l e  more Much more 
t h a n  I u s u a l l y  u s u a l l y  do t ired t h a n  t i r ed  t h a n  
d o  a t  t b a t  h o u r  a t  t h a t  h o u r  I u s u a l l y  I u s u a l l y  
d o  d o  a t   t h a t  
h o u r  
Th ink   back  t o  t h e  l a s t  n i g h t  i n  w h i c h  y o u  s l e p t i n  t h e  l a b o r a t o r y  
What was t h e   d a y  , a n d   d a t e  ? 
When y o u  a w o k e  d i d  y o u  f e e l  
1 2 3 4 
You s l e p t  much You s l e p t   a s  You s l e p t  YOU s l e p t  
better t h a n   a t well a s   a t   p o o r l y   v e r y  
home  home p o o r l y  
A b o u t  n o o n  t h e  n e x t  d a y  d i d  y o u  f e e l  
1 2 
-
More r e s t e d  A s  w e l l  a s  
t h a n  I u s u a l l y  you   usua  1 l y  
d o  a t  t h a t  time d o  a t  t h a t  
h o u r  
3 4 
A l i t t l e  Much more 
more t i r e d  t i r e d  t h a n  
t h a n  I I u s u a l l y  
u s u a l l y  d o  do a t  t h a t  
h o u r  
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On t h a t  d a y  when you were do ing  your  usua l  da i ly  t a sks  ( fo r  example ,  
working  around the  house  or  a t  your  job)  d i d  you f e e l   a s   i f  you were 
1 2 3 4 
Performing Performing Performing Performing 
b e t t e r  t h a n  a s  well a s  poor ly  com- very  poor ly  
usua 1 usua 1 p a r e d  t o  compared t o  
usua 1 usua 1 
Can you d e s c r i b e ,  i n  y o u r  own words,  what  happened or t e l l  of an 
i n c i d e n t  w h i c h  i n d i c a t e d  b e t t e r  or  poorer  performance? 
- - - . . - - . - - - 
~. - 
- " -- 
You s l e p t  i n  t h e  l a b o r a t o r y  l a s t  n i g h t .  How d i d  you f e e l  when you 
awoke? 
1 2 3 4 
S l e p t   b e t t r   S l p t   a s  we1.l S l ep t   S l ep t   ve ry  
than   u sua l   a s   u sua l   poor  1 y very  poorly 
While you were pe r fo rming  your  usua l  da i ly  work (gardening, work- 
i n g  a r o u n d  t h e  h o u s e ,  o r  a t  y o u r  u s u a l  job)  d i d  you 
1 2 3 4 
P e r f o r m  b e t t e r  Pe r fo rm as  Perform Perform 
t h a n   u s u a l  well a s  a l i t t l e  very 
usua 1 poor ly   poor ly  
Can you c i t e  a n  i n c i d e n t  i l l u s t r a t i n g  how you performed bet ter  or 
more poor ly  than  usua l?  
~~ - . . . 
How many times d o  you t h i n k  you were awakened l a s t  n i g h t ?  
How many times were you awakened by booms? 
How many times by a i r c r a f t  n o i s e ?  
How many times by any other  noises? 
I f  y o u  h e a r d  t h e  n o i s e s  l a s t  n i g h t ,  d i d  t h e y  seem louder  or q u i e t e r  
e a r l y  i n  t h e  m o r n i n g ?  
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T h r o u g h o u t  t h e  s t u d y  w h i c h  n o i s e  d i d  y o u  f i n d  most d i s t u r b i n g  a n d  
a n n o y i n g ?  
A i r c r a f t  n o i s e  
S o n i c  b o a s  
O r  a r e  t h e y  e q u a l l y  d i s t u r b i n g ?  
How d o  t h e  a i r c r a f t  n o i s e s  a n d  s o n i c  booms y o u  h e a r  i n  t h e  l a b o -  
r a t o r y  c o m p a r e  w i t h  t h o s e  y o u  u s u a l l y  h e a r  a t  home w h i l e  s l e e p i n g ?  
1 2 3 4 
Much less As d i s t u r b i n g  A l i t t l e  more Much more 
d i s t u r b i n g   a   t h o s e   a t   d i s t u r b i n g   d i s t u r b i n g  
home t h a n   t h o s e  
e t  home 
What n i g h t t i m e  n o i s e s  do  y o u  f i n d  d i s t u r b i n g  a t  home? 
Do y o u  h a v e  a n y  a d d i t i o n a l  o b s e r v a t i o n s  a b o u t  t h e  e f f e c t s  of t h e  
n o i s e s  o n  y o u r  s l e e p ,  p h y s i c a l  s t a t e ,  o r  a t t i t u d e s ?  
DATE 
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